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1 ~O INTRODUCTION 

This report summarizes the purpose and results of the tasks completed by Tetra Tech NUS, Inc. (TtNUS), 

formerly Brown & Root Environmental, to evaluate the hydrogeologic conditions at the Tank Farm, Naval 

Submarine Base-New London (NSB-NLON), Groton, Connecticut in support of finalization of the design of 

the new storm sewer system. This work is being conducted by Tt~US for the U.S. Department of the 

Navy (Navy) under the Comprehensive Long-Term Environmental Action Navy (CLEAN), Contract 

Number N62472-90-D-1298, Contract Task Order 204. 

1.1
u 

PURPOSE 

The Navy is planning to replace a majority of the existing storm sewer/underdrain system in the vicinity of 

the Tank Farm. The system is old and deteriorated and is currently. contributing to environmental 

prob.lems (i.e., contaminant migration). The Navy wo~ld like to design and install' a new system that will 
,. " 

efficiently and cost-effectively convey storm water to the Thames River, minimize the migration of 

contamination from the Tank Farm to the Thames River, and maintain the current depressed water table 

in the vicinity of the Tank Farm. 

The Navy can not finalize the design of the new storm sewer/underdrain system until the impact of 

replacing the existing storm sewer system on the local groundwater table is thoroughly evaluated. 

Insufficient information is available regarding the condition of the existing storm sewer/underdrain system, 

the flow rate of groundwater removed by the storm sewer/underdrain system, and the hydrogeologic 

conditions to finalize the design. Therefore, additional field work and groundwater modeling tasks are 

required to address the data gaps. The goals of the additional field work and groundwater modeling tasks 

are to answer the following questions: 

• Is the current underdrain system working to depress the water table in vicinity of the Tank Farm? 

• What is the groundwater flow rate in the current underdrain system? 

• Is the bedrock a significant source of recharge to the overburden at the Tank Farm? 

• Will replacement of the current underdrain system with one that is water-tight result in the water table 

rising to levels that will adversely impact the ballfields and the surrounding roads and buildings? 
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• Will revisions to the current underdrain system, as proposed in the preliminary design package, result 

in the water table rising to levels that will adversely impact the ballfields and the surrounding roads 

and buildings? 

1.2 BACKGROUND INFORMATION 

The Tank Farm at NSB-NLON was constructed in the 1940s to store No.6 and No.2 fuel oils. The fuel 

oils were used to refuel submarines and for heating oil. A total of nine underground storage tanks (USTs) 

[OT-1 through OT-9] were originally constructed. A tenth tank (OT-10) was constructed later to store 

waste oils. OT-10 is comprised of a 30,000-gallon, double-walled UST, an oil/water separator, and a 

10,OOO-galion waste oil tank. All of the tanks, except OT-10, have been demolished in place. . • 

The nine concrete USTs were constructed in the location of the former Crystal Lake. This lake was 

created naturally by a stream discharging into a bedrock depression. The Navy diverted the stream that 

fed Crystal Lake into a storm sewer which runs along Crystal Lake Road. It is also likely that groundwater 

from bedrock hillsides to the north and south helped to recharge the lake. 

Because the tanks were constructed in an area prone to collect water, five of the nine tanks (i.e., OT-1, 

OT-2, OT-3, OT -4, and OT-6) had perimeter underdrains installed around them during their construction to 

depress groundwater levels. In addition, the storm sewers which the underdrains tie into were constructed 

of perforated corrugated metal pipe to help de-water the area. The underdrain at OT -6 was subsequently 

abandoned by the Navy around 1966 during the completion of improvements to the storm sewer system. 

1.3 REPORT ORGANIZATION 

This report is organized into five sections: Section 1.0 summarizes introductory and background 

information. Section 2.0 describes the field activities completed for the project and the results of the 

activities. Modeling tasks completed for the project are discussed in Section 3.0. Conclusions and 

recommendations for the project are summarized in Sections 4 and 5, respectively. All tables and figures 

are included at the end of the text for each section. Other relevant information (i.e., field forms, 

calculations, etc.) is included in appendices. 
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2.0 FIELD WORK 

TtNUS performed field activities to address the remaining data gaps' for finalizing the design of a new 

storm sewer/underdrain system, as defined in Section 1.0. The field tasks were conducted in two phases 

as described in the Internal Letter Work Plan (B&R Environmental, May 1998). Phase 1 was completed 

between May 20, 1998 to May 22, 1998 and included one round of water level measurements from 37 

existing monitoring wells, estimation of groundwater flow rates into the existing storm sewer/underdrain 

system, and surveying water level elevations of the stream east of Building 447. Phase 2 was completed 

between July 6, 1998 to August 7, 1998, and included installation of four bedrock monitoring wells along 

the perimeter of the Tank Farm and collection of one round of water levels from 37 existing wells and the 

four newly installed bedrock wells. The following sections describe the methods and results of Phase 1 

(Section 2.1) and Phase 2 (Section 2.2) field activities .. 

2.1 PHASE 1 

2.1.1 Water Level Measurements 

Groundwater levels were measured in monitoring wells in the vicinity of the Tank Farm, Goss Cove 

Landfill, and the south end of Lower Subase to provide an understanding of hydrogeologic conditions and 

the data necessary to develop and calibrate a groundwater flow model. Water levels were measured in 37 

existing monitoring wells on May 20, 1998 during Phase 1 field work. The methodology used to take the 

measurements and the results are discussed below. 

2.1.1.1 Methodology 

Water levels were measured in the monitoring wells listed in Table 2-1 and illustrated on Drawing 2-1. No 

measurements were taken at two of the proposed 40 wells; HNUS-16 was unable to be located and 

15MW4S had been destroyed. An accurate water level could not be obtained from 8MW8S because the 

well had been altered (Le., PVC riser pip.e had been cut) since it was installed. Water levels were 

measured to the nearest 0.01 foot from the reference point of the top of each well caSing using an 

electronic water level indicator. Water level measurements were recorded on Groundwater Level 

Measurement Sheets (Appendix A). 

Water levels were measured between 11 :45 am and 6:20 pm on May 20, 1998. Water levels were first 

measured in the wells at the Goss Cove Landfill and the Lower Subase that are tidally influenced by the 

Thames River. Low tide on May 20, 1998 at the Smith Cove Entrance of the Thames River was 0.2 feet 
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and occurred at 11 :49 pm based on information obtained from NOAA (Appendix A). Information obtained 

from the Groton Utilities Water Treatment Plant, which is included in Appendix A, confirmed that no rainfall 

had occurred in the area since May 17, 1998. 

2.1.1.2 Results 

The water level measurements and elevations are summarized in Table 2-1. Groundwater elevation data 

from shallow overburden wells were used to create a potentiometric surface map (Drawing 2-2). The 

contours shown on the drawing indicate that the shallow overburden potentiometric surface is generally 

depressed in the vicinity of the Tank Farm and that the overall groundwater flow direction is westward 

toward the Thames River. 

The potentiometric surfaces developed from water levels measured on May 20, 1998 (Drawing 2-2) and 

November 20, 1995 (Drawing 2-3) show the same overall groundwater flow pattern. The water levels 

shown on these two maps are not directly comparable because of the different survey datums referenced 

for each data set. The datum for the 1998 water levels is the Base 1982 datum and the datum for the 

1995 water levels is the 1988 North American Vertical Datum (NAVD). The difference between the 1982 

and 1988 datums is approximately +2.39 feet. By applying this conversion factor, it can be shown that the 

water levels measured in November 1995 are slightly lower than those measured in May 1998. 
r 

( 

Several anomalies (mound~ or sinks) are apparent in both sets of data. A groundwater mound occurs 

near OT-8 (HNUS-17 and HNUS-18) and groundwater sinks occur near OT-3 (HNUS-7) and OT-5 

(HNUS-11). The groundwater mound at OT-8 may be related to organic (peat-like) material that was 

reportedly encountered in the area during remediation activities or to differences in hydraulic conductivities 

of fill material and natural material. The sinks at OT-3 and OT-5 may be the result of the tank underdrains 

and storm sewers in the vicinity. 

2.1.2 Flow Rate Measurements 

Measurements were taken in the storm sewer/underdrain system of the Tank Farm and at upgradient 

locations du~ing the period of May 20, 1998 to May 22, 1998. The objective of the measurements was to 

provide an estimate of the groundwater discharge rate into the storm sewer/underdrain system of the Tank 

Farm. The methodology used to collect the flow rate measurements and the results are discussed below. 
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2.1.2.1 Methodology 

Measurements were taken or attempted to be taken at 19 manholeslinlets and 1 stream to estimate the 

flow rate at each location. The sample locations are illustrated, on Drawing 2-1. The objective of taking 

measurements at locations within .and upgraqient qf the Tank Farm was to determine the magnitude of the 

groundwater collection rate of the Tank Farm storm sewer/underdrain system versus the upgradient storm 

sewer systems. A flow rate measurement was taken in the stream east of Building 447 to determine its 

percent contribution to the total flow rate at manhole C567. 

As discussed in Section 2.1.1.1, the most recent rainfall event prior to the flow rate measurements 

occurred on May 17, 1998, 3 days prior to the measurements. It was assumed that all measured flow 

rates within the storm sewer/underdrain system represented the base ~ow of groundwater collected by the 

system. 

A mechanical flow meter was used to measure the water velocity at two locations, the stream east of 

Building 447 and C567. These two locations were the only. locations out of the 20 sampled that had 

sufficient flow depths to use the meter. The measurements were taken at the center of each channel at a 

depth approximately six-tenths of the total flow depth. The cross-sectional flow area of the stream was 

estimated by measuring the flow width, depths, and the geometry of the stream channel. The cross

sectional flow area of the pipe exiting C567 was estimated by measuring the flow depth and using the 

known pipe diameter. Flow rates were calculated by multiplying the measured velocity by the flow area. 

A float was used to attempt to estimate velocities at several ,locations where the depth of flow was 

insufficient to use the flow meter. This method proved to be unreliable because the floats would get hung 

up in the pipes and would not pass by the downstream monitoring location. No accurate velocity 

measurements were able to be obtained with this method. 

For nine of the twenty locations (C568, C1096, C557, C1038, C556, C549, C550, C1011, C567), the 

depth of flow in the exiting pipe was measured. These measurements were used with the known pipe 

diameters from utility drawings obtained from the Public Works office at NSB-NLON (and confirmed in the 

field, if possible) to estimate cross-sectional flow areas. Velocities for each section were estimated using 

Manning's Equation. Slopes used in the equation were estimated from known inverts of manholes/inlets 

and pipe lengths between the manholes/inlets. Manning's coefficients for the pipes were taken from Open 

Channel Hydraulics (Chow, 1959). Flow rates were calculated by multiplying the velocity by the flow area. 
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No measurements were able to be taken at 9 locations. The locations and the reasons for not being able 

to take measurements are provided in Table 2-2. 

Flow measurement data was recorded in the site logbook. Pipe conditions, the stream bottom sediment 

and profile information, weather conditions, and any other applicable information was recorded in the site 

logbook. Photographs of the stream were also taken and are provided in Appendix A. 

2.1.2.2 Results 

The flow rates that were calculated from the field measurements are summarized in Table 2-2. Detailed 

calculations are provided in Appendix B. The rationale for selection of flow rates is also provided in 

Appendix B. 

The estimated flow rates can be summarized as follows: 

• The total flow rate from the storm sewer systems upgradient of the Tank Farm is approximately 1.1 

c!Jbic feet per second (cfs). 

• The groundwater flow discharge into the Tank Farm storm sewer/underdrain system is approximately 

0.4 cfs. 

• The surface water flow rate in the stream east of Building 447 is approximately 2.5 cfs. 

• The total flow rate exiting C567 is approximately 4 . .0 cfs. 

2.1.3 Surveying 

The elevation of the water level in the stream east of Building 447 was surveyed by TtNUS. The survey 

was completed on May 21, 1998. The methodology used to complete the survey and the results are 

,discussed below. 

2.1.3.1 Methodology 

The water level elevations at five locations along the creek east of Building 447 and the elevations of five 

other reference locations were surveyed by TtNUS personnel. The benchmark used for the survey was 

Benchmark 50 of the Base Traverse System by David L. Stein, October 1994 and revised April 1997. The 

elevation of Benchmark 50 is in the NAVD 1988 system. The survey was completed with a TOPCON AT-
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F2 Autolevel and stadia rod. Elevations were measured to an accuracy of 0.01 foot. All survey 

information was recorded in the field log book. 

2.1.3.2 . Results 

The survey results and pictures of the stream are provided in Appendix A. All elevations originally 
,. . 

referenced to the NAVD 1998 system were subsequently converted to the 1982 Base system by a 

conversion factor of +2.39 feet. This conversion factor was obtained from the Public Works Department at 

NSB-NLON. 

Water level elevations at five locations in the stream ranged from 28.19 feet to 28.66 feet. These 

elevations correspond well with ·the available· topographic survey informa~ion for NSB-NLON. It was 

assumed that this stream is tied into the local groundwater table. The water level elevation taken at 

Location 6 in the stream (28.23 feet msl) was included on Drawing 2-2 to develop the shallow overburden 

potentiometric surface map. 

2.2 PHASE 2 

2.2.1 Monitoring Well Installation and Development 

Four bedrock monitoring wells (23MW01D through 23MW04D) were installed along the perimeter of the 

Tank Farm between July 6, 1998 and August 7, 1998. Locations of the bedrock wells are illustrated on 

Figure 2-4. Monitoring wells 23MW01D and 23MW03D were located along the northern and eastern 

boundaries, respectively, of the Tank Farm. The locations of 23MW02D and 23MW04D were selected so 

that they were clustered with existing overburden wells (i.e., HNUS-14 and HNUS-20, respectively). 

The bedrock monitoring wells were installed by Maxim Technologies, Inc., using a Failing F-10 truck

mounted drilling rig and air rotary drilling techniques. The overburden at each well was permanently 

cased to bedrock using 6-inch diameter steel casing, which' was sealed in place using either a bentonite or 

cement-bentonite mixture. After installation of the overburden casing, a 6-inch diameter borehole was 

reamed into bedrock using a 5-7/8-inch diameter air hammer. The borehole was advanced to the first 

water-bearing fracture encountered. Boring logs for the bedrock wells are provided in Appendix A. 

Well borings were converted to monitoring wells with PVC well screen and riser or open borehole screen 

intervals. PVC well screen and i"iser pipe were installed in wells 23MW01 D and 23MW04D to improve the 

integrity of the wells because only bentonite was used to seal the overburden casing in place. PVC well 

screen of 2-inch diameter with lengths of 6.5 feet and 30.0 feet, respectively, and slot size of 0.010 inches 
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were installed in these wells. A filter pack was installed in each well annulus of 23MW01 D and 23MW04D 

to approximately 1.0 to 1.5 feet above the top of the well screen. A bentonite seal was installed above the 

filter pack, approximately 4 feet into the overburden casing to improve the seal between the overburden 

and bedrock. A grout-bentonite seal was installed from the top of the bentonite seal to approximately 

ground surface within the overburden casing. Wells 23MW02D and 23MW03D were constructed with 

open borehole screen interval. All wells were completed at the surface with flu.sh-mount protective casings 

and concrete pads. Well Construction Sheets for the bedrock wells are provided in Appendix A. 

The bedrock rock wells were developed after installation to remove drilling cuttings from the filter packs or 

bedrock fractures. Wells with PVC well screen and riser were developed by overpumping with a 

submersible pump. Open borehole wells were developed by air lifting using the drilling rod stem and air 

compressor. The wells were developed until the discharge water was visibly clear. 

Soil cuttings and water generated during well installation were containerized in 55-gallon drums for 

disposal off-site as non-hazardous waste by Capitol Environmental Services, Inc. Water from well 

development was discharged directly to the sanitary sewer system on base, as directed and approved by 

the NSB-NLON Environmental office. Well development water was screened with a PID monitor and 

visually inspected prior to disposal to the sanitary sewer system. 

All bedrock wells were surveyed for horizontal and vertical position by Diversified Land Surveyors, Inc. of 

Watertown, Connecticut. Survey information for the wells is provided in Appendix A. Photographs of the 

completed monitoring wells.are also provided in Appendix A. 

2.2.1 Water Level Measurements 

During Phase 2 groundwater levels were measured in 37 existing monitoring wells and in three of the four 

newly installed bedrock wells in the vicinity of the Tank Farm, Goss Cove Landfill, and the south end of 

Lower Subase on August 4 and 5, 1998. The methodology used to take the measurements and the 

results are discussed below. 

2.2.1.1 Methodology 

Water levels were measured in the monitoring wells listed in Table 2-1 and illustrated on Drawing 2-4. 

Water levels were measured in the same wells as measured during Phase 1, with the exception of 

13MW12, and three of the four newly installed bedrock wells described above. Well 13MW12 could not be 

located during the sampling event but 13MW17, which is located in close proximity to 13MW12, was 

sampled in its place. 23MW04D was not completed or surveyed at the time of the water level sampling 
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event; therefore, an accurate water level measurement could not be obtained from this well. Water level 

measurements for Phase 2 were recorded on Groundwater Level Measurement Sheets (Appendix A). 

Water levels were measured on August 4 and 5, 1998. Water levels in wells at the Goss Cove Landfill and 

the Lower Subase that are tidally. influenced by the Thames River were measured between 2:01 p.m. and 

3:52 p.m. on August 5, 1998. Low tide on August 5, 1998, at the Smith Cove ·Entrance of the Thames 

River occurred at 2:28 p.m. and was 0.5 feet, based on NOAA tide prediction tables (Appendix A). 

2.2.1.2 Results .. 

The Phase II water level measurements and elevations are summarized in Table 2-1. Groundwater 

elevation data from shallow overburden wells were used to create a potentiometric surface map (Drawing 

2-4). The contours shown on the drawing indicate that the shallow overburden potentiometric surface is 

generally depressed in the vicinity of the Tank Farm and that the overall groundwater flow direction is 

westward toward the Thames River. 

The potentiometric surfaces developed from water levels measured on May 20, 1998 (Drawing 2-2) and 

November 20, 1995 (Drawing 2-3) show the same overall groundwater flow pattern as the water levels 

measured on August 4 and 5, 1998 (Drawing 2-4). The water levels shown on Drawing 2-2 and 2-4 are 

directly comparable because the same survey datum was referenced for each data set.' However, as 

noted in Section 2.1.1.2, the water levels shown on Drawing 2-3 are not directly comparable to the other 

two drawings because different survey datums were referenced for the data sets. By applying a 

conversion factor of +2.39 feet to the 1995 data set, it can be shown that the water levels measured in 

November 1995 (Drawing 2-3) are slightly lower than those measured in May 1998 (Drawing 2-2), but they 

are higher than those measured in August 1998 (Drawing 2-4). Therefore, the May 1998 water levels 

were the highest of the three data sets and the August 1998 water levels were the lowest of the three data 

sets. 

The same anomalies in the potentiometric surface [i.e., groundwater mound near OT-8 (HNUS-17 and 

HNUS-18) and groundwater sinks near OT-3 (HNUS-7) and OT-5 (HNUS-11)] seen in November 1995 

and May 1998 were also obvious in the August 1998 potentiometric surface. As discussed in Section 

2.1.1.2, the cause of the groundwater mound at OT -8 is probably the organic (peat-like) material that was 

reportedly encountered in the area during remediation activities or differences in hydraulic conductivities of 

fill material and natural material. The sinks at OT-3 and OT-5 are the result of the tank underdrains/storm 

sewers in the vicinity. 

069811/P 2-7 eTa 0204 



DRAFT 

Comparison of the August 1998 water levels from the newly installed bedrock wells and the existing 

overburden wells provides an indication of the vertical flow direction of the groundwater between the 

bedrock and overburden units. Water levels measured in 23MW02D (17.64 feet) and HNUS-14 (17.62 

feet), which are located along the southeast side of the Tank Farm, were very'similar, indicating a good 

hydraulic connection between the units and relatively no vertical·flow component.· Along the northern side' 

of the Tank Farm, measured water levels indicate that the vertical flow component is downward between 

both the shallow and deep overburden [15MW1S (22.52 feet) versus 15MW1D (17.90 feet)] and the deep 

overburden and bedrock [15MW1D (17.90 feet) versus 23MW03D (16.78 feet)]. The downward 

groundwater flow component in this area is probably related to the underdrain/storm sewer system and 

the groundwater sinks that occur at OT-3 and OT-5. Monitoring well 23MW04D was not completed at the 

time of the August 1998 round of water level measurements; therefore, a comparison between the water 

levels in this well and the overburden well that it is clustered with (HNUS-20) can not be made. 
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HNUS-5 . 
HNUS-6 
HNUS-7 
HNUS-9 
HNUS-10 

Ground 
Surface Reference 

Elevation Point Elevation 
(feet msl) (feet msl) 

8.73 8.44 
9.55 9.21 
7.71 7.47 

28.25 28.05 
28.35 28.08 
29.28 28.90 
26.37 26.24 
10.17 9.77 
9.91 9.43 
11.51 10.94 
9.90 9.62 
10.10 9.66 
10.84 10.45 
19.83 19.53 
NR NR 

21.85 21.40 
21.96 21.46 
25.92 25.52 
22.82 22.63 
22.33 22.15 
21.02 20.70 
21.62 21.24 
21.81 21.35 
22.33 22.09 
22.91 22.62 
22.50 22.04 
23.85 23.25 

TABLE 2-1 

MONITORING WELL INFORMATION AND WATER LEVELS 
HYDROGEOLOGIC STUDY AT TANK FARM 

NSB-NLON, GROTON, CONNECTICUT 
PAGE 1 OF 2 

Depth to 
Depth to Top Bottom of 

of Screen Screen Screened Interval (Formation) 
(feet bgs) (feet bgs) 

5.00 15.00 Overburden (Alluvium) 
5.30 15.30 Overburden (Fill) 
3.50 13.50 Overburden (Alluvium) 
36.00 46.00 Overburden (Alluvium) 
5.00 15.00 Overburden (Alluvium) 
5.00 15.00 Overburden (Alluvium) 
4.00 14.00 . Overburden (Alluvium) 
54.00 64.00 Overburden (Alluvium) 
5.90 15.90 Overburden (Fill) 
6.00 16.00 Overburden (Fill)-
60.00 70.00 Overburden (Alluvium) 
4.00 14.00 Overburden (Fill) 
4.00 14.00 Overburden (Fill) 
48.00 78.00 Bedrock 
7.00 17.00 Overburden 

(Alluvium)/Bedrock 
14.00 19.00 Bedrock 
3.71 13.21 Overburden (Fill) 
5.50 15.05 Overburden (Fill) 
2.25 11.75 Overburden (Fill) 
2.72 12.22 Overburden (Fill) 
4.00 14.00 Overburden (Fill) 
4.00 14.00 Overburden (Fill) 
4.00 14.00 Overburden (Fill) 
5.00 15.00 Overburden (Fill) 
5.00 15.00 Overburden (Fill) 
4.00 14.00 Overburden (Fill) 
5.00 15.00 Overburden (Fill) 

-------- ---

Phase 1 Phase 1 
May 1998 May 1998 
Depth To Water 

Water Elevation 
(feet brp) (feet msl) 

NA NA 
5.89 3.32 
6.00 1.47 
7.55 20.50 
3.17 24.91 
3.76 25.14 
NFD NFD 
7.02 2.75 
4.83 4.60 
9.01 1.93 
6.80 2.82 
5.95 3.71 
6.69 3.76 
16.20 3.33 
14.73 NR 

14.69 6.71 
3.23 18.23 
5.41 20.11 
3.01 19.62 
4.89 17.26 
3.80 16.90 
4.04 17.20 
4.07 17.28 
3.60 18.49 
7.91 14.71 
2.65 19.39 
8.18 15.07 

Phase 2 
Aug 1998 
Depth To 

Water 
(feet brp) 

8.96 
8.90 
NFD 
10.15 
5.56 
6.21 
NFD 
7.63 
5.91 
9.53 
7.48 
6.99 
7.54 
17.18 
15.37 

15.93 
3.74 
6.31 
3.89 
5.68 

.4.67 
5.06 
5.05 
5.54 
8.28 
5.00 
9.12 

Phase 2 
Aug 1998 

Water 
Elevation 
(feet msl) 

- 0.52 
0.31 
NFD i 

17.90 ! 

22.52 
22.69 
NFD 
2.14 
3.52 
1.41 i 

2.14 
2.67 I 

2.91 I 

2.35 
NR 

5.47 
17.72 
19.21 
18.74 
16.47 
16.03 .j 
16.18 
16.30 
16.55 
14.34 
17.04 
14.13 

- -- -------
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Ground 
M nitoring Surface Reference 

Well Elevation Point Elevation 
(feet msl) (feet msl) 

HNUS-11 22.59 22.23 
HNUS-12 26.89 26.47 
HNUS-13 25.97 25.71 
HNUS-14 23.31 22.96 
HNUS-15 23.52 23.13 
HNUS-16 21.77 21.09 
HNUS-17 22.45 22.08 
HNUS-18 22.60 22.23 
HNUS-20 22.94 22.51 
HNUS-21 22.38 22.35 
HNUS-22 28.08 27.70 
HNUS-23 20.53 20.42 
HNUS-24 24.59 27.11 
MW1-4RI 8.27 7.95 
23MW01D 37.07 36.83 
23MW02D 23.55 23.19 
23MW03D 23.30 22.91 
23MW04D 22.26 21.89 

Notes: 

Elevations based on 1982 Base Datum. 
msl = Mean Sea Level. 
bgs = Below Ground Surface. 
brp = Below Reference Point. 
NA = Not Available. 
NFD = Well was not found or was destroyed. 

TABLE 2-1 

MONITORING WELL INFORMATION AND WATER LEVELS 
HYDROGEOLOGIC STUDY AT TANK FARM 

NSB-NLON, GROTON, CONNECTICUT 
PAGE 2 OF.2 

Depth to 
Depth to Top Bottom of 

of Screen Screen Screened Interval (Formation) 
(feet bgs) (feet bgs) 

5.00 15.00 Overburden (Fill) 
5.00 15.00 Overburden (Fill) 
5.00 15.00 Overburden (Fill) 
5.00 15.00 Overburden (Fill) 
5.00 15.00 Overburden (Fill) 
5.00 15.00 Overburden (Fill) 
4.00 14.00 Overburden (Fill) 
5.00 15.00 Overburden (Fill) 
5.00 15.00 Overburden (Fill) 
5.00 15.00 Overburden (Fill) 
10.00 20.00 Overburden (Fill) 
7.00 17.00 Overburden (Fill) 
5.00 15.00 Overburden (Fill) 
4.00 9.50 Overburden (Fill) 
50.00 56.50 Bedrock 
18.60 28.50 Bedrock 
39.00 55.00 Bedrock 
65.50 95.50 Bedrock 

-~ 

NR = No Reference Point, well was modified by Navy and not resurveyed. 
• = Estimated values 

Phase 1 Phase 1 
May 1998 May 1998 
Depth To Water 

Water Elevation 
(feet brp) (feet msl) 

8.24 13.99 
2.39 24.08 
0.67 25.04 
3.57 19.39 
4.46 18.67 
NFD NFD 
2.68 '. 19.40 

3.51 18.72 
5.33 17.18 
5.95 16.40 
8.82 18.88 
5.75 14.67 
10.78 16.33 
4.41 3.54 
NA NA 
NA NA 
NA NA 
NA NA 

Phase 2 
Aug 1998 
Depth To 

Water 
(feet brp) 

8.43 
4.29 
4.23 
5.34 
5.63 
NFD 
5.35 
5.32 
7.46 
8.11 
11.26 
9.18 
10.92 
5.05 
4.66 
5.55 
6.13 
8.32* 

Phase 2 
Aug 1998 

Water 
Elevation 
(feet msl) 

13.80 
22.18 
21.48 
17.62 
17.50 
NFD 
16.73 
16.91 
15.05 
14.24 
16.44 
11.24 
16.19 
2.90 
32.17 
17.64 
16.78 
13.57* 

o 
$! 
"T1 
-I 



Manhole/Inlet 
Number 

C568 
C1096 
C1097 

C1097-1 
C1098 
C1099 
C558 
C557 
C1038 
C835 
C556 
C549 
C550· 
C551 
C552 
C554 
C562 
C1101 

Stream (Bldg. 447) 
C567 

cfs = cubic feet per second 

069811/P 

',I 

. : " , TABLE 2-2 
.; u" 

STORM SEWER/STREAM FLOW RATES 
HYDROGEOLOGIC STUDY AT TANK FARM 

NSB-NLON, GROTON, CONNECTICUT 

Methodology Flow Rate 
(cfs) 

Manning's Equation 0.08 
Manning's Equation 0.49 
NA NA 
NA NA 
NA .. NA 
NA NA 
NA· NA 
Manning's Equation 0.37 
Manning's Equation 0.45 
NA NA 
Manning's Equation 0.65 
Manning's Equation 0.02 
Manning's Equation 0.35 
NA NA 
NA NA 
NA NA 
NA NA 
Manning's Equation 1.52 
Mechanical Flow Meter 2.50 
Mechanical Flow Meter 3.31 
Manning's Equation 5.36 

2-11 
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Comments 

Flow Depth = 0.18 feet 
Flow Depth = 0.57 feet 
Unable to locate 
Dry 
Standing water 
Dry 
Dry 
Flow Depth = 0.20 feet 
Flow Depth = 0.20 feet 
Board covering outlet 
Flow Depth = 0.21 feet 
Flow Depth = 0.11 feet 
Flow Depth = 0.44 feet 
Unable to locate 
Unable to locate 
Unable to locate 
Unable to locate 
Flow Depth = 0.48 feet 
Flow Area = 2.56 feet2 
Flow Depth = 0.77 feet 
Flow Depth = 0.77 feet 
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'3.0 GROUNDWATER MODELING 

This section presents technical information and results for the groundwater modeling completed for the 

Tank Farm at NSB-NLON, Groton, Connecticut. The m?deling task was conducted to predict the impact 

of modifying the existing storm sewer/underdrain system on the local groundwater table. It is anticipated 

that the proposed modifications to the underdrains will eliminate or reduce the contaminant migration 

problem that exists between the Tank Farm and the Thames River, but may result in flooding problems. 

The groundwater flow modeling results will provide information to ~ssist in finalizing the design of the 

replacement storm sewer system through the Tank Farm. 

The objectives of the groundwater modeling at the Tank Farm are: 

• Complete a 3-dimensional groundwater modeling study to determine groundwater levels under current 

conditions (with underdrains) and under two preliminary design scenarios [i.e., (1) the entire Tank 

Farm underdrain/storm sewer system is eliminated, and (2) only the OT-2 and OT-3 underdrains are 

removed from the Tank Farm underdrain/stormsewer system]. 

• Determine groundwater discharge rates to the existing underdrain system, as well as the predicted 

flow rates for the preliminary design scenarios. 

• Assess model sensitivity by varying model input parameters. 

• Provide technical support for the design of the replacement storm sewer system under both normal 

and extreme weather conditions. 

Section 3.0 has been divided into six subsections. In addition to the introduction, Section 3.1 briefly 

describes the computer code selected for simulating the groundwater flow regime. Section 3.2 describes 

the conceptual groundwater flow model, including the model structure, initial model input parameters and 

boundary conditions. Section 3.3 presents the results of the model calibration and validation. Sections . . 
3.4 and 3.5 provide the results of model simulations and sensitivity analysis. Section 3.6 presents a 

summary of the results. 

069811/P 3-1 eTO 0204 
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3.1 MODEL SELECTION 

3.1.1 Modflow 

MODFLOW was selected to perform groundwater flow modeling for this project. MODFLOW is a quasi 

three-dimensional finite-difference model code that was developed by the U.S. Geological Survey (USGS) 

(McDonald and Harbaugh, 1988). MODFLOW solves groundwater flow equations that are based on the 

conservation of fluid mass coupled with Darcy's law. The finite difference method leads to a numerical 

approximation which allows the description and solution of complex groundwater flow problems. A 

rectangular grid is superimposed over the study area to discretize the region into a large number of 

rectangular blocks called cells. Groundwater flow is formulated as a differential water balance for every 

model cell and solved for the hydraulic head at the center of every cell. 

The model allows specification of flows asso.ciated with wells, areal recharge, evapotranspiration, drains, 

and streams. It is important to realize that all model input parameters and predictions represent averages 

for an entire block. Therefore, a smaller grid spacing typically allows a better representation of site 

conditions and also leads to more accurate results. 

The model can simulate both steady-state and transient groundwater flow conditions. For the purposes of 

this project, for which long-term ·predictions of the water table elevation are required, a steady-s~ate model 

was selected. 

3.1.2 GMS Graphical Interface for MODFLOW 

Groundwater Modeling System (GMS) from BOSS International was used as a graphical interface for 

MODFLOW for this project. GMS is a comprehensive graphical user environment for numerical modeling. 

The interface for the GMS system consists of nine separate modules, including a number of analysis 

codes (MODFLOW, MT3D, MODPATH, and Femwater). The Department of Defense sponsored the 

implementation of GMS which was developed by the Engineering Computer Graphics Laboratory of 

Brigham Young Univ_ersity in cooperation with the US Army Corps of Engineers Waterways Experiment 

Station. The post-processor included in GMS was also used to process the output of MODFLOW. 

3.2 CONCEPTUAL MODEL 

The following subsections present a comprehensive description of the conceptualization of the natural 

processes that govern groundwater flow at the site. The first subsection briefly describes the geology and 

hydrogeology at the Tank Farm. The second subsection provides the details of the model structure. Model 
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input parameters are describe.d in the third subsection and the fourth subsection briefly describes the existing , , 

tank underdrain system. The, final subsection describes the boundary conditions selected for the model. 

3.2.1 Geology and Hydrogeology 

The overburden at the Tank Farm gener~lIy consists of fill and re-worked soils, as determined from soil . ....,. 

borings completed in this area. These soils are generally silty, fine- to medium-textured sands with trace 

am~unts ofrock fragments. These soils are generally classified as SM under,the Unified Soil Classification 

System. Soil color varied from shades of brown to gray, and soil density was variable. The thickness of the . . . . -

overburden ranges from approximately 10 feet to 50 feet. 

Surficial deposits in the areas surrounding the Tank Farm are typically unconsolidated glacial materials that 

were deposited during the Pleistocene Age. There are two types of glacial deposits at the facility: stratified 

drift and glacial till. Stratified dri~ consists of sorted silt, sand, and gravel that were deposited by meltwater 

streams. Stratified drift is located on terraces of the Thames River and is mapped along the western portion 

of the facility (~SGS, 1960). Glacial till consists of a dense, heterogeneous mixtur~ of clay, silt, sand, and 

rock fragments as large as bqulders. Glacial till is exposed on most bedrock highs and most likely underlies 

outwash materials. in the valleys. The thickness of glacial till varies considerably but averages less ,than 

10 feet. 

The depth to groundwater in the Tank Farm area varies seasonally, but is generally between 4 to 10 feet 

below the ground surface. The surficial aquifer is unconfined. Hydraulic conductivities determined from 

slug tests performed in well~ scre~ned in the overburden at the Tan~ Farm were generally similar ranging 

from 1.7 feet/day (5.9 x 10-4 cm/sec) to 6.8 feet/day (2.4 x 10-3 cm/sec). The hydraulic conductivities are 

summarized in Table 3-1. 

Hydraulic conductivities estimated from slug tests completed in shallow wells installed in the alluvium at 

the Spent Acid Storage and' Disposal-Are~, which is north of the Tank Farm, ranged from 0.07 feet/day 

(2.47 x 10-5 cm/sec) to 6.64 feet/day (2.34 X 10-3 cm/sec). Hydraulic conductivities estimated from slug 

tests completed in wells installed in fill material at the Goss Cove Landfill, which is to the west of the Tank 

Farm along ttie Thames River, ranged from 3.93 feetfday (1.39 x 10-3 cm/sec) to 109 feet/day (3.85 x 10-2 

cm/sec) for shallow wells. 'One slug test was also completed in a deep well installed in alluvium at this 

'location and the resulting hydraulic conductivity was 0.41 feet/day (1.45 x 10-3 cm/sec). All available 

hydraulic conductivities are summarized in Table 3-1. 
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The overburden/surficial deposits are underlain by metamorphic bedrock (gneiss and granite). Based on 

available regional bedrock maps, the Tank Farm is located in a bedrock valley which is surrounded by 

. bedrock highs to the north, south, and east. To the west, a bedrock outcrop generally isolates the Tank Farm 

from the Goss Cove Landfill and Thames River. A small channel has been cut into the bedrock at the 

entrance to the Nautilus Museum and Goss Cove Landfill to allow storm sewers from upgradient areas to 

pass to' the Thames River. Groundwater also discharges through this channel. 

Four borings were 'advanced to bedrock in t,he vicinity of the Tank Farm during Phase 2 field work .. From the 

bori'ngs it was determined that the elevation of the top of bedrock ranges between 8'.35 feet msl (15.2 feet 

below ground surface at 23MW02D) to -32.04 feet msl (54.3 feet below ground surface at 23MW04D). 

These elevations are similar to those provided on the available regional bedrock maps. As discussed in 

Section 2.2.1.2, water levels measured in the overburden and bedrock wells indicate that there is no vertical 

flow component in the groundwater along the southeast portion of the Tank Farm and there is a downward 

vertical flow component in the groundwater along the north-central portion of the Tank Farm. 

Three bedrock wells have been installed to the west of the Tank Farm near the entrance gate to the Goss 

Cove Landfill and Nautilus Museum. In this area, bedrock was encountered between 7 'and 12 feet below the 

ground surface. Groundwater was encountered in these wells approximately 14 to 16 feet below the ground 

surface. 

3.2.2 Model Structure 

The rationale for the selection of the model area and grid size are discussed in this subsection. The details of 

the number and type of layers included in the model are also provided below. 

Model Area and Grid Size 

The, model area was selected to encompass horizontally, the Tank Farm and adjacent areas and, 

vertically, the overburdenlfill material. Adjacent areas include Goss Cove Landfill, the southern portion of 

the Lower Subase, t~e Thames River, areas east of Route 12, and a. portion of the hill ,side to the 

immediate south of Crystal Lake Road. The top of bedrock forms the bottom of the model bc;>undary. 

Figure 3-1 presents the model domain. The model area was selected to be large enough to minimize the . , 

effects of the boundary conditions on model output for the interior portions of the model, which are of most 

interest to this study. 
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The model's grid orientation is generally northwest relative to true north. This orientation was selected so 

that one axis of the model is parallel to the direction of groundwater flow. A uniform, rectangular model 

grid was chosen. As shown on Figure 3-1, the model domain was subdivided into grids with constant 

spacing of 40 feet by 40 feet. The model layer. has 100 cells in the X direction and 50 cells in the Y 

direction. The model domain covers an area 4,000 feet by 2,000 feet. The model thickness varies 

depending on location arid the depth to bed~ock. 

Inactive flow cells were specified east of Goss Cove Lpndfill where the bedrock ledge exists. Cells east of 

Tautog Avenue as well as cells west of river nodes are also specified as inactive cells. The inactive cells 

define the limits of the area in which groundwater flow is simulated. Inactive flow cells are not shown on 

Figure 3-1, but are distinguishable as the blank areas of the rectangular model domain. 

Model Layers 

Because the overburden's hydrogeologic properties are generally uniform with depth and no confining units 

are present the surficial aquifer in the MODFLOW model is represented by a single model layer. This 

model layer is specified as an unconfined layer. In the unconfined model layer, the transmissivity of the 

'layer varies. It is calculated from the saturated thickness and hydraulic conductivity of each cell in 

MODFLOW. The bottom elevations at the center of each cell included in the model were approximated 

from the available ground surface topography and bedrock topography maps. 

3.2.3 Initial Model Input Parameters 

Initial model input parameters required for simulating groundwater flow using MODFLOW are recharge 

rate, hydraulic conductivity, storm sewer/underdrain conductance, and boundary conditions. Initial input 

values for infiltration rates and hydraulic conductivity are discussed below. The details of the storm 

sewer/underdrain system and its conductance are discussed in Section 3.2.4 and boundary conditions are 

defined in Section 3.2.5. 

Recharge Rate 

In the model, areal recharge is applied to the model layer. This recharge rate accounts for both recharge 

from the bedrock aquifer to the overburden aquifer and vice versa as well as infiltrating precipitation. 
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Annual rainfall is approximately 44 inches per year as measured at New London over an 81-year period. 

Evapotranspiration averages approximately 23 inches per year. Initially, a recharge rate of 4 inches per 

year was assigned in areas with buildings, pavement, or roadways; whereas, a recharge rate of 12 inches 

per year was applied in areas with vegetation. Recharge rates for specific areas were adjusted (within a 

reasonable range) during model calibration to achieve a good fit between the calculated and observed 

water levels and to account for groundwater recharge. The remaining rainfall is assumed to be surface 

water runoff. 

Hydraulic Conductivity 

As described in Section 3.2.2, Model Layers, the transmissivity in the unconfined layer is automatically 

computed from the saturated thickness and hydraulic conductivity. Therefore, the hydraulic conductivity 

and bottom elevation of the model are required as input parameters. For the curr~nt modeling, a non

uniform, isotropic hydraulic conductivity distribution was applied in the horizontal direction. 

Table 3-1 presents a summary of the hydraulic conductivities that have been estimated from the results of 

previous slug tests conducted in the Tank Farm, Goss Cove Landfill ,and Spent Acid Storage and 

Disposal Area. Horizontal hydraulic conductivities determined from 12 slug tests in wells screened i~ 

overburden material ranged from 0.07 feet/day (2.47 x 10-5 cm/sec) to 109 feet/day (3.85 x 10-2 cm/sec). 

Geometric mean hydraulic conductivities for these three areas are 17 feet/day (6.0 x 10-3 cm/sec), 0.68 

feet/day (2.4 x 10-4 cm/sec), 4 feet/day (1.4 x 10-3 cm/sec). 

A hydraulic conductivity of approximately 6 feet/day (2.1 x 10-3 cm/sec) was used as an initial input for a 

majority of the model cells., Higher values were used as input for model cells with low heads and lower 

values were used as input for model cells with higher heads. 

3.2.4 Storm Sewerl Underdrain System 

The former UST tank farm consists of nine tanks which were used to store' petroleum products. Each tank 

was approximately 110 feet in diameter and 11 feet in depth. USTs of this type were designed and 

constructed with a permanent groundwater drainage system to lower the groundwater water table thereby 

preventing the tank from floating out 'of the ground under hydraulic pressure. In addition, the storm sewers in 

the Tank Farm area which the underdrains tie into were constructed of perforated metal pipe to help de-water 

the area. 
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The existing storm sewer/underdrains are incorporated into the model using the drain package of 

MODFLOW. Figure 3-1 shows the location of all storm sewer/underdrain cells in the model. The 

configuration, size, material, length,' and invert elevations of the storm sewer/underdrain system were 

obtained from Navy design drawings (Tank Farm Plot Pian, Drawing No. N-15, April 1946; Utility Map of 

Storm Drainage, Drawing No. 1142295, July 1967; Plan Showing Proposed Design For Drainage of Yard 

Area, Storm-013; Existing Storm Sewer System, Drawing Numbers 2049851 and 2049852, April 1981; 

and Repair Storm Drainage Tank Farm Area, Drawing Numbers 2138709, 2112967, 2138708, 2138709, 

'and 2138710, December 1991) and recently obtained information (i.e., Fuss & O'Neill catch basin survey 

and Foster Wheeler camera study). Based on the, existing information; only fhe 4 northern USTs (OT-1 

,-thro~gh OT -4) ap~e~r to have functional underdrains. 

The existing information indicate that the underdrains were constructed with either 6- or 8-inch diameter 

vitrified tile pipe. However, no design' information was available regarding the depth, slope or backfill 

material used for the underdrains. The depth of each underdrain was estimated using the invert elevation 

at the downgradient storm sewer manholelinlet which the underdrain discharges to and an assumed 

underdrain slope of 1 percent. This method resulted in the depths of the underdrains being approximately 

equal to the tank bottom. 

The storm sewers that act as underdrains in the Tank Farm were constructed of either perforated 

corrugated metal pipe or vitrifi~d tile, pipe. The diamet~rs of the sewers vary from 6 inches to 30 inches. 

Inverts for manholes/inlets were available for most of the storm sewer system. For those manholes/inlets 

without inverts, the inverts were estimated using known pipe inverts upgradient and downgradient of the 

manhole/inlet in question. 

Another model input parameter required for the MODFLOW drainage package for the storm 

sewer/underdrain system is conductance. This parameter accounts for the permeability of the backfill 

material placed around the underdrain during construction and the size and spacing of.the holes in the 

underdrain. Initial underdrain conductance entered i~to the model ranged from 200 to 600 feef/day. 

As discussed in Section 2.0, the base groundwater flow rate in the storm sewer/underdrain system was 

estimated by field measurements, The estimated groundwater flow rate was 0.4 cfs. This value was used 

as the initial flow rate target and was calibrated along with other parameters to fit existing information. 
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3.2.5 Boundary Conditions 

In order to obtain a unique solution of a set of partial differential equations corresponding to the given 

groundwater flow process, additional information about the groundwater flow process is required. This 

information is described by boundary and initial conditions. For a steady-state flow simulation, only boundary 

conditions are required. For transient problems, both boundary and initial conditions are required. Because 

this project only requ'ired a steady-state flow simulation, only boundary conditions are required. 

Mathematically, the boundary conditions include the geometry of the boundary and the values of the 

dependent variable or its derivative normal to the boundary. 

MODFLOW allows for the specification of three general types of boundary conditions: (1) specified value; 

(2) specified flux; or (3) value-dependent flux, where the value is the hydraulic head. Specified value and 

no-flow boundary conditions were used for this project. In addition, interior boundary conditions were 

identified in the model using the River Package to account for the interaction between the groundwat~r 

and the stream east of Building 447. 

Specified Head Boundary Conditions 

River nodes define the western boundary of the domain model domain. These cells represent the 

Thames River and are specified as constant hydraulic head cells. A constant head of 1.2 feet msl was 

used as an input to the model for calibration and predictions and a head of 0.2 feet msl was used for 

validation. The value of 1.2 feet represents an average low tide condition, while the value of 0.2 feet 

represents a low tide condition specific to August 5, 1998. Cells west of the river nodes are specified as 

inactive cells. Figure 3-1 shows the location of all river nodes in the model. 

Model cells defining the eastern and southern boundaries of the model domain were also defined with 

constant heads. The heads included in the model for calibration were defined using potentiometric 

surface data collected during Phase 1 field work (Drawing 2-2) and the heads included in the model for 

validation were defined using potentiometric surface data collected during Phase 2 field work (Drawing 2-

4). The cells with specified heads are shown on Figure 3-1. 

No-Flow Boundaries 

A groundwater divide which runs approximately northeast to southwest is located north of the model 

. domain. This divide, which forms the northern boundary of the model, was simulated as a no-flow 

boundary condition. No groundwater flow occurs across this boundary based on existing groundwater 

potentiometric surface maps. 
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Interior Boundary Conditions 

The interaction between the groundwater and the stream east of Building 447 was accounted for in the 

model by specifying internal boundary conditions using the River Package. Stream bed and water level 

elevations obtained during Phase 1 field work were used to set the internal boundary conditions. The 

initial value of conductance for the stream bed was estimated and was then updated during model 

calibration. 

3.3 MODEL CALIBRATION AND VALIDATION 

3.3.1 Model Convergence Criteria 

A steady-state groundwater flow model was developed for this project. Three solution packages are provided 

with MODFLOW to solve the simultaneous linear equations. The PreconditiC?ned Conjugate-Gradient 2 

(PCG2) numerical method package was selected for this modeling effort. The PCG2 numerical method is 

efficient and is capable of solving difficult problems. Convergence crit~ria was set at a maximum head 

change of 0.01 feet. The maximum number of iterations was set such that the model would be able to 

converge rather than terminate prematurely. 

3,3.2 Calibration Targets and Calibration Criteria 

Calibration Targets . 

The steady-state flow model was calibrated against water level data collected on May 20, 1998. The 

objective of calibration of .the groundwater flow model was to achieve a good fit of simulated versus observed 

hydraulic heads. During model calibration, the input parameters are adjusted through trial-and-error within a 

predetermined range until the model produces results that are close to the field measurements selected as 

calibration targets. 

A total of 32 measured water levels were used as calibration targets for the groundwater flow model. The 

water levels and sampling locations are provided in Table 3-2. Drawing 2-2 shows the potentiometric surface 

that was created using the measured heads. Twenty-five water level measurements were from the Tank 

Farm area and the adjacent SASDA, 5 water level measurements were from the Goss Cove Landfill area, 

and 2 water.level measurements were from the Lower Subase. The observed water levels range from 1.9 to 

25.1 feet, resulting in a total head difference of 23.2 feet. 

069811/P 3-9 eTO 0204 



DRAFT 

The groundwater discharge rate to and through the storm sewer/underdrain system was also considered as 

a calibration target during model calibration. As discussed in Section 2.0, field measurements were 

conducted to measure this flow rate and the results indicate that the flow rate is approximately 0.4 cfs. 

Calibration Criteria 

Model calibration results were confirmed using the following generally accepted criteria: 

• Maximum positive and negative residual < 5% of calibration targets range 

• Mean Error (ME) < ± 0.5 feet 

• Root Mean Squared Error (RMSE) < 10% of calibration targets range 

The residual error is the head difference between targets (observed head) and calculated heads. The ME is 

computed as the average value of the total residuals (i.e. summation of the residuals divided by the total 

number of samples). The ME should always be close to zero in order to show that the calibration residuals 

are unbiased. An ME of zero would indicate that the model generally overpredicts at some wells and 

underpredicts at other wells. The root mean sq!Jared error (RMSE) is also used to evaluate the overall 

calibration results. The RMSE can be expressed as: 

RMSE= 
n 

where he is the calibrated hydraulic head from the flow model, he is the observed head, and n is the number 

of data points. A rule-of-thumb is that the RMSE should be less than about 10 percent of the maximum 

variation in head across the model layer of interest. 

3.3.3 Calibration Results 

The groundwater· flow model calibration produced a good match between observed, and calculated 

hydraulic head values. The following text summarizes the calibration results. 

Calibrated Hydraulic Conductivity 

Figure 3-2 shows the distribution of calibrated hydraulic conductivities for the model. These conductivities 

are the result of trial-and-error adjustments made during the calibration process to reduce the uncertainties of 
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conductivity values by comparing target heads with predicted heads. The adjusted hydraulic conductivities 

range from 0.1 to 30 feet/year. The calibrated hydraulic conductivity for a majority of the model area is 

approximately 6 feet/year (2.1 x 10" cm/sec). 

Calibrated Recharge Rate 

Figure 3-3 shows the distribution of calibrated recharge rates. The calibrated recharge rates range from 3 to 

12 inches per year (in/yr). The rate for most of the model area is approximately 4 in/yr. The rates for the 

Tank Farm area range between 9 in/yr and 12 in/yr. 

Calibrated Hydraulic Heads 

Table 3-2 presents a comparison between the calibrated heads and the observed heads for the 32 available . - . ' 

water level measurements. The results show that 20 data points are underpredicted and 12 data points are 

overpredicted. Table 3-3 summarizes the statistics for the model calibration including maximum error, 

relative error, ME, and RMSE. All of calibration statistics are within the criteria. The maximum error is less 

than 5%, the ME is much lower than 0.5 feet, and the RMSE is below 10%. In summary, the model 

calibration represents an error of less than 3% over the range of measurements. 

Figure 3-4 presents a plot of calculated versus observed heads for the 32 water level measurements. As the 

figure shows all data point generally fall along the 45 degree line indicating a good match between measured 

and predicted heads. 

Figure 3-5 shows the predicted potentiometric surface for existing conditions. This figure compares well to 

Drawing 2-2 which shows the potentiometric surface created using measured heads. 

3.3.4 Model Validation and Results 

Model Validation 

The steady-state flow model was validated against water level data collected on August 4 and 5, 1998. The 

objective of validation of the groundwater flow model is to confirm the validity of the model calibration. During 

model validation, the constant head boundary conditions for the model were modified to the August 4 and 5, 

1998 levels and all other input parameters were maintained at the same values included in the calibrated 

model. The results of model validation should show that by only changing the boundary conditions, the 

model achieves a good match between simulated and observed hydraulic heads. If the results do not show 

a good match, then additional model calibration is required. 
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A total of 32 measured water levels were used as validation targets for the groundwater flow model. The 

water levels and sampling locations are provided in Table 3-4. Drawing 2-4 shows the potentiometric surface 

that was created using the measured .heads. Twenty-five water level measurements were from the Tank 

Farm area and the adjacent SASDA, 5 water level measurements were from the Goss Cove Landfill area, 

and 2 water level measurements were from the Lower Subase. The observed water levels range from 0.3 to 

22.7 feet, resulting in a total head difference of 22.4 feet. 

Validation Results 

Table 3-4 presents a comparison between the calibrated heads and the observed heads for the 32 available 

water level measurements. The results show that 14 data pOints are underpredicted and 18 data points are 

overpredicted. The maximum positive residual error was 1.94 feet and the maximum negative residual error 

was -2.6 feet. These residual errors are adequate for model validation. 

Figure 3-$ presents a plot of calculated versus observed heads for the 32 water level measurements. As the 

figure shows all data point generally fall along the 45 degree line indicating a good match between measured 

and predicted heads. 

Figure 3-7 shows the predicted potentiometric surface for existing conditions. This figure compares well to 

Drawing 2-4 which shows the potentiometric surface created using measured heads. 

3.3.5 Flow Balance for Existing Conditions (Scenario 1) 

MODFLOW calculates water balance and flux information for model boundaries. At the completion of 

model calibration, the groundwater inflow rates as well as the groundwater outflow rates for the model 

area were determined. The water balance results are summarized in Table 3-5. Under existing conditions 

(Scenario 1), the inflow from the upgradient boundary is 0.46 cfs, the net groundwater recharge is 0.07 

cfs, the outflow through the downgradient boundary is 0.29 cfs, the groundwater discharge to the stream is 

4.8 x 10-3 cfs, and the total groundwater discharge to the storm sewer/underdrain system is approximately 

0.24 cfs. 

The estimated storm sewer/underdrain flow rate is approximately 40 percent lower than the measured flow 

rate. This margin of error is considered acceptable because of the limitations of the field methods used to 

measure the flow rates and the accuracy of the model's predictions. 
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3.4 PREDICTIONS 

The calibrated flow model was used to predict groundwater flow conditions under two preliminary design 

scenarios. The first scenario (Scenario 2) assumes that the existing system is removed and replaced with 

a water-tight storm sewer system and backfill with low-permeability that does not provide a preferential 

pathway for groundwater flow. The second scenario (Scenario 3) assumes that the existing underdrain 

systems at OT-2 and OT-3 are removed, but the remaining underdrain/storm sewer system is refurbished 

and continues to collect groundwater from the Tank Farm area. These two scenarios represent two 

possible alternatives for finalizing the storm sewer system design. The results of the predictions are 

discussed below. 

3.4.1 Potentiometric Surface 

The predicted potentiometric surfaces for Scenarios 2 and 3 are shown on Figures 3-13 and 3-12, 

respectively. Thes~ two figures can be compared to Figure 3-5 to determine the impact of the scenarios 

on the water table. Figure 3.:13 shows a uniform flow pattern across the Tank Farm that is significantly 

elevated when compared to Figure 3-5. Therefore, the model's results indicate that removal of the 

existing storm sewer/underdrain will eliminate the depressed wa~er table in the Tank Farm. Figure 3-12 

shows that the removal of the OT-2 and OT-3 underdrains results in an increase in the water table in the 

northern part of the Tank Farm, but a depressed water table will remain in the southern part of the Tank 

Farm. The predicted groundwater elevations within the Tank Farm area vary from 35 feet (to the west 

near Tang Avenue) to 10 feet (near Shark 80ulevard). Groundwater levels are predicted to rise between 

approximately 2 and 16 feet for Scenario 2 and 2 and 6 feet for Scenario 3, depending on the location 

within the Tank Farm. 

For comparison purposes Figures 3-9 through 3-11 present the predicted water levels for Scenarios 1, 2, 

and 3 in the Tank Far~ on Cross-Sections A-A', 8-8', and C-C' (Figure 3-8). These figures depict the 

impact of each design scenario on the water table at various locations within the Tank Farm. Figures 3-9 

and 3-11 show that under Scenarios 2 and 3, it is likely that the water table will reach or exceed the 

ground surface in the northern and eastern portions of Tank Farm. Figure 3-10 shows that under 

Scenarios 2 and 3, the western portion of the Tank Farm will not be flooded, but the groundwater table will 

be very near the ground surface. 

3.4.2 Flow Balance for Design Scenario Conditions 

Flow balance information for the preliminary design seen'arios is summarized in Table 3-5. Highlights of 

the information are provided below. 
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• Scenario 2 - Inflow from the upgradient boundary is approximately 0.31 cfs, the net recharge is 

0.07 cfs, the discharge to the stream is 5.7 x 10-3 cfs, and the outflow through the downgradient 

boundary is about 0.37 cfs. 

• Scenario 3 - Inflow from the upgradient boundary is approximately 0.41 cfs, the net recharge is 

0.07 cfs, the total discharge to the storm sewer/underdrain system is 0.18 cfs, the discharge to the 

stream is 4.8 x 10-3 cfs, and the outflow through the downgradient boundary is about 0.30 cfs. 

3.5 SENSITIVITY ANALYSIS 

The sensitivity of the model to various input parameters was evaluated by performing additional model 

simulations. The sensitivity analysis was performed on the calibrated model under existing conditions. 

Model input parameters that were evaluated during the sensitivity analysis include boundary' head 

conditions, hydraulic conductivity, and drain conductance. A total of nine cases were evaluated during the 

sensitivity analysis and the details of each case are summarized below. 

• Case 1 - Low Updgradient Boundary Conditions (38 to 33 feet) and Normal Downgradient Boundary 

Conditions (1.2 feet). 

• Case 2 - Low Upgradient Boundary Conditions (38 to 33 feet) and High Downgradient Boundary 

Conditions (1.2 to 3 feet). 

• Case 3 - Low Updgradient Boundary Conditions (38 to 33 feet) and Low Downgradient Boundary 

Conditions (1.2 to 0.2 feet). 

• Case 4 - High Updgradient Boundary Conditions (38 feet) and High Downgradient Boundary 

Conditions (1.2 to 3.0 feet). 

• Case 5 - High Updgradient Boundary Conditions (38 feet) and Low Downgradient Boundary 

Conditions (1.2 to 0.2 feet). 

• Case 6 - High Hydraulic Conductivity (increase by factor of 10). 

• Case 7 - Low Hydraulic Conductivity (decrease by factor of 10). 
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• Case 8 - Low Drain Conductance (decrease by factor of 10). 

• Case 9 - High Drain Conductance (increase by factor of 10). 

The results of these simulations are presented in Table 3-5. The results show that the effects of varying 

boundary head conditions on the flow balance are not very significant. The model results indicate that the 

flow rates for inflow, outflow, and tank underdrains only change by 25 percent or less when compared to 

baseline conditions. 

The effects of varying hydraulic conductivity on the flow balance are more significant. Figures 3-14 

through 3-16 present the groundwater table elevations under different hydraulic conductivity values. The 

results presented in Table 3-5 and on these figures, indicates that the flow rates appear to respond 

proportionally to the change in hydraulic conductivity. 

The effects of varying drain conductance on the flow balance are also relatively significant. Figures 3-17 

through 3-19 present the groundwater table elevations under high and low drain conductance values. The 

order of magnitude changes in drain conductance resulted in water level changes from less than 1 foot up 

to approximately 9 feet. The most significant water level changes were associated with low drain 

conductance. The flow rates provided in Table 3-5 for Cases 8 and 9 show that a 50 percent change in - , 
flow rate was predicted as a result of lowering the drain conductance by ten fold, but only a 13 percent 

change in flow rate was predicted as a result of increasing the drain conductance by a factor of ten. 

Therefore, the model is much more sensitive to low drain conductance than high drain conductance. 

3.6 SUMMARY 

A groundwater flow model was developed for the Tank Farm at NSB-NLON, Groton, Connecticut. The 

modeling task was conducted to predict groundwater levels in the vicinity of the Tank Farm as well as the 

flow rates through the storm sewer/underdrain system. The main goal of the modeling was to determine 

groundwater levels in the Tank Farm under preliminary design scenarios. The main features of the flow 

model along with the simulation results are summarized as follows: 

• A groundwater flow model was developed using the MODFLOW code and GMS software. 

• Existing ground surface topography, bedrock surface topography, hydrogeologic data, rainfall and 

evapotranspiration data, and Thames River water levels were used to develop the model. 
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• The flow model was calibrated against water levels and groundwater flow rates collected during the 

P~ase 1 field effort. The model was also validated against water levels collected during the Phase 2 

field effort. Calibration statistics and validation results showed that the model was adequately 

calibrated. 

• Model predictions under two preliminary design scenarios indicate that portions of the Tank Farm may 

be flooded if the existing .storm sewer/underdrain system is modified as proposed. 

• A sensitivity analysis was performed with the calibrated model under existing 'conditions to evaluate its 

uncertainty. Boundary heads, hydraulic conductivities, and drain conductance were varied to 

determine the impact to the model's predictions. The results indicate that the model is most sensitive 

to changes in hydraulic conductivity and drain conductance and not as' sensitive to changes in 

boundary conditions. 
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TABLE 3-1 

SUMMARY OF HYDRAULIC CONDUCTIVITIES 
HYDROGEOLOGIC STUDY AT TANK FARM 

,'NSB-NL.ON, GROTON, CONNECTICUT ' 

Hydraulic Cond~,ctivity 
Location 

ftlday em/sec 

109 3.B5E-02 , Goss Cove 

3.93 1.39E-03 Goss Cove 

0.41 '1.45E-04 Goss Cove 

101 3.56E-02 Goss Cove 

'7B 2.75E-02 Goss Cove· 

6.64 2.34E-03 SASDA 

0.07 2.47E-05 'SASDA 

4.51 1.59E-03 'Tank Farm 
-, 

3.7 1.31E-03 Tank Farm 

5.9 2.0BE-03 Tank Farm 

1.67 5.B9E-04 Tank Farm 

6.76 2.3BE-03 Tank Farm 

SASDA - Spent Acid Storage and Disposal Area. 
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msl = mean sea level 

069811/P 

TABLE 3-2 

COMPARISON BETWEEN OBSERVED HEADS AND CALIBRATED HEADS 
HYDROGEOLOGIC STUDY AT TANK FARM 

NSB-NLON, GROTON, CONNECTICUT 

Model Observed Head Calibrated Head Residual Error Well Name 
Column (Observed -

Calibrated Head) 
(ft msl) (ft msl) (ft msl) 

18 3.3 4.2 -0.89 13MW12 

39 24.9 24.7 0.17 15MW1S 

40 25.1 25.8 -0.7 15MW2S 

7 4.6 3.6 0.96 8MW2S 

10 1.9 2.2 -0.25 8MW5S 

6 3.7 2.9 0.78 8MW6S 

9 3.8 3.3 0.47 8MW7S 

14 6.7 6.3 0.44 8MW9S 

30 20.1 202 -0.06 ERM-13 

29 19.6 18.7 0.92 ERM-15 

31 17.3 1'8 -0.79 ERM-17· 
.. 24 18.2 17.3 0.93 ERM-2 . 

37 15.1 15.2 -0.14 HNUS-10 

36 14 13.2 0.83 HNUS-11 

36 24.1 25 -0.89 HNUS-12 

34 25 24.1 0.98 HNUS-13 

32 19.4 19.1 0.25 HNUS-14 

29 18.7 17.7 0.97 HNUS-15 

26 19.4 18.8 0.56 HNUS-17 

25 18.7 19.1 -0.4 HNUS-18 

22 16.9 16 0.88 HNUS-2 

22 17.2 16.9 0.31 HNUS-20 

20 16.4 17.1 -0.74 HNUS-21 

18 18.9 18.2 0.65 HNUS-22 

18 14.7 15.4 -071 HNUS-23 
I 

24 16.3 16.8 -0.46 HNUS-24 

29 17.2 16.9 0.26 HNUS-4 

26 17.3 17 0.3 HNUS-5 

34 18.5 17.6 0.91 HNUS-6 

31 14.7 15.4 -0.67 HNUS-7 

35 19.4 18.5 0.89 HNUS-9 

14 3.5 2.8 0.73 MW1-4RI 
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Higher Than 
Target (feet) 

0.98 

I • ~. .' 

TABLE 3-3 

FLOW MODEL CALIBRATION STATISTICS 
HYDROGEOLOGIC STUDY AT TANK FARM 

NSB-NLON, GROTON, CONNECTICUT 

Maximum Error 

Relative Lower Than Relative Mean Error 
Error (%) Target (feet) Error (%) (feet) 

4 0.89 4 0.2 

RMSE = Root Mean Square Error . 

069811/P 3-19 
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RMSE RMSEITarget 
(feet) Range (%) 

0.68 3 
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069811/P 

TABLE 3-4 

COMPARISON BETWEEN OBSERVED HEADS AND VALIDATED HEADS 
HYDROGEOLOGIC STUDY AT TANK FARM 

NSB-NLON, GROTON, CONNECTICUT 

Model Observed Head Validated Head Residual Error Well Name 
Column (Observed -

Validated Head) 
(ft msl) (ft msl) (ft msl) 

18 03 2.9 -2.6 13MW12 

39 22.5 22.9 -0.38 15MW1S 

40 22.7 23.9 -1.18 15MW2S 

7 3.5 2.6' 0.9 8MW2S 

10 1.4 1.4 0.04 8MW5S 

6 2.7 1.9 0.81 8MW6S 

9 2.9 1.8 1.09 8MW7S 

14 55 4.8 0.69 8MW9S 

30 19.2 18.7 0.55 ERM-13 

29 18.7 17.6 1.13 ERM-15 

31 16.5 17.2 -0.73 ERM-17 

24 17.7 16 1.69 ERM-2 

37 14 1 14.6 -0.48 HNUS-10 

36 138 12.8 0.99 HNUS-11 

36 222 23 -0.81 HNUS-12 

34 21.5 22.1 -0.66 HNUS-13 

32 17.6 18.2 -0.57 HNUS-14 

29 17.5 17 052 HNUS-15 

26 167 17.7 -0.99 HNUS-17 

25 16.9 17.2 -0.32 HNUS-18 

22 16 149 1.16 HNUS-2 

22 15.1 15.8 -0.77 HNUS-20 

20 14.2 16 -1.81 HNUS-21 

18 16.4 17.5 -1.01 HNUS-22 

18 11.2 12.6 -1.37 HNUS-23 

24 16.2 14.3 1.94 HNUS~24 

29 16.2 16.3 -0.1 HNUS-4 

26 16.3 16.1 0.21 HNUS-5 

34 16.5 16.9 -0.38 HNUS-6 

31 14.3 14.9 -0.59 HNUS-7 

35 17 17.7 -0.62 HNUS-9 

14 29 1 7 1.24 MW1-4RI 
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Scenario 1 
. " 

Scenario 2 

Scenario 3 

Sensitivity Analysis 

Case 1 

Case 2 
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Case 4 

Case 5 

Case 6 

Case 7 

Case 8 

Case 9 

TABLE 3-5 

FLOW BALANCE FOR MODEL AREA FOR DIFFERENT SCENARIOS 
HYDROGEOLOGIC STUDY AT TANK FARM 

NSB-NLON, GROTON, CONNECTICUT 

Inflow From Outflow through, Recharge Underdrain 
Upgradient Boundary Downgradient Boundary Flow Rate 

(cfs) . (cfs) (cfs) (cfs) 

0.46 0.29 0.07 0.24 

0.31 0.37 0.07 0.00 

0.41 0.30 0.07 0.18 

0.37 0.25 0.07 0.18 

0.36 0.24 0.07 0.18 

0.38 0.27 0.07 0.18 

0.44 0.27 0.07 0.24 

0.47 0.29 0.07 0.23 

3.97 2.93 0.07 1.11 

0.04 0.05 0.07 0.05 

0.38 0.32 0.07 0.12 

0.49 0.27 0.07 0.27 

Discharge 
to Stream 

(cfs) 

4.76E-03 

5.71E-03 

4.77E-03 

2.11E-03 

2.11E-03 

2.12E-03 

4.76E-03 

4.76E-03 

5.24E-03 

4.46E-03 

5.22E-03 

4.65E-03 
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DRAFT 

4.0 CONCLUSIONS 

TtNUS completed field work and groundwater modeling to answer several questions that required 

resolution prior to finalizing the design of the new storm sewer system. The results of the effort are 

summarized below. 

• Question 1: Is the current underdrain working to depress the water table in the vicinity of the Tank 

Farm? 

Results: The results of the field work and modeling indicate that the current storm sewer/underdrain 

system is working and it depresses the water table at the Tank Farm. 

• Question 2: What is the current groundwater discharge rate into the current underdrain system? 

Results: The results of the field work were used to estimate a current groundwater. discharge rate 

into the underdrain system of 0.4 cfs. During model calibration this parameter was refined to better 

match existing conditions and the calibrated flow rate is 0.24 cfs. 

The difference in the flow rates could be related to the limitations of the field techniques used to 

measure the flow rates or the hydrogeologic properties used in the model. During mo<;lel calibration, 

hydraulic conductivities for the soil at the Tank Farm were only varied between the actual range of 

measurements. The sensitivity analysis results indicate that a higher value of hydraulic conductivity 

would result in a higher flow rate that better matches the flow rate estimated from the field effort. 

• Question 3: Is the bedrock a significant source of recharge to the overburden at the Tank Farm? 

Results: The water levels collected from two overburden/bedrock well clusters (i.e., HNUS-

14/23MW02D and 15MW1S/23MW03D) during Phase 2 field work indicate that the bedrock and 

overburden units are hydraulically connected (i.e., similar hydraulic heads and no vertical gradient) in 
, , 

the southeast and disconnected (i.e., dissimilar ~ydraulic heads and significant downward vertical 

gradient) in the north-central portions of the Tank Farm. These results indicate that bedrock may only 

provide recharge to the o,!erburden in certain areas of the Tank Farm. Additional data wou'ld be 

required to confirm the regions of the Tank Farm that receive recharge from the bedrock and to 

quantify the amount of recharge. 
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• Question 4: Will replacement of the current underdrain system with one that is water-tight result in the 

water table rising to levels that will adversely impact the ballfields and the surrounding roads and 

buildings? 

Results: This design scenario (Scenario 2) was evaluated by removing the storm sewer/underdrain 

system from the model. The predicted groundwater table for Scenario 2 is significantly higher (Le., 2 

to 16 feet) than the existing water table (May 1998). The predictions show that it is highly likely that 

the northern and eastern portions of the Tank Farm will be flooded if the existing storm 

sewer/underdrain system is removed and replaced with a water-tight system. 

There is some uncertainty associated with these results because limited hydrogeologic data was 

available for the model area. During model calibration, hydraulic conductivities for the soil at the Tank 

Farm were only varied between the actual range of measurements (Le., values determined from slug 

tests). The results of the sensitivity analysis show that the model is sensitive to both order-of

magnitude increases and decreases in hydraulic conductivity. Therefore, if actual hydraulic 

conductivities vary from the calibrated values more significant changes in water levels may occur in 

the Tank Farm. 

• Question 5: Will revisions to the current underdrain system, as proposed in the preliminary design 

package, result in the water table rising to levels that will adversely impact the ballfields and the 

surrounding roads and buildings? 

Results: This design scenario (Scenario 3) was evaluated by removing only the OT-2 and OT-3 

underdrains from the model. The predicted groundwater table for Scenario 3 is higher (Le., 2 to 6 feet) 

than the existing water table (May 1998), but not as high as the predicted groundwater table for 

Scenario 2. The predictions show that groundwater levels will almost reach the ground surface in 

most of the northern and eastern portions of the Tank Farm and that flooding may occur in localized 

areas of the Tank Farm as a result of the proposed change. 

There is some uncertainty associated with these results because of the . limited information that is 

known about the conductance of the underdrain system. The results of the sensitivity analysis 

indicate that the model is not very sensitive to increases in drain conductance, but is sensitive to 

decrease in drain conductance. Therefore, if the actual drain conductance is less than the value that 

was estimated during model calibration, larger changes in the water table would be expected. 
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5.0 RECOMMENDATIONS 

The results of the field work and groundwater modeling effort show that the existing storm 

sewer/underdrain system is currently working to depress the water table in the vicinity of the Tank Farm. 

The following recommendations are made regarding additional groundwater modeling and finalization of 

the storm sewer system design. 

• The results indicate that a de-watering system must be maintained in the Tank Farm or flooding may 

occur. Foster Wheeler's preliminary design recommends refurbishing the existing underdrain/storm 

sewer lines and maintaining the lines at their current depths as the method for de-watering the 

groundwater from the Tank Farm area. The design also recommends construction of a new, shallow 

storm sewer system to separate surface water flow from groundwater flow. The new system will divert 

surface water flow around the perimeter of the Tank Farm. This preliminary design should be finalized 

and the final design details of the rehabilitated storm sewer/underdrain system should be incorporated 

into the existing model to verify the effect it will have on the local water table. 

• Additional data could be collected and used to improve the existing model and reduce the uncertainty 

and conservativeness of it. An improved model could be used to refine the preliminary design and 

more accurately predict the impact of removing specific portions of the underdrain system. Removal 

of the underdrains located in contaminated areas could result in substantial decreases in the 

operation and maintenance costs associated with the oil/water separator that is included in the 

preliminary design. Additional field work including a combination of slug tests, pumping tests, drain 

conductance tests, and water level measurements would be required to refine the understanding of 

hydrogeologic conditions at the Tank Farm. 
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• Groundwater Level Measurement Sheets 
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GROUNDWATER LEVEL MEASUREMENT SHEET ~ 

Project: 

Location: 

Weather: 

Date: 

Well Number Time 

Notes: 

(A) 
Elevation, of 

Reference Point 
(feet)* 

2\ .4{0 

Brown & Root Environmental 

Me~suring Device:. 

R8m.rki~ 2- eR .3 
~ 

(8) 

Water Level Gr:~~~~~ter Total Well 
Indicator Reading Elevation (feet)* Depth (feet)* 

(feet)* 

(2.90 

".3 l£\. \ 

(1·40 

12.2~: 

I .O~ 
leo. \ ~ 

5 . 

. rz ..... 

.2'9 '2'2 -\ 

Z\. 

Comments 

-Z~ . \ ~---i_5"'_''''=''';;;;~_---+---!-''':''''''-~--+-.......:.....!'';;''''''''!''L-----+-----:~---=-I 
Qou~ 

2\·07~ ___ ~ __ ~ __ ~ ________ ~ __ --____ ~ __ ~~N~~~~ 

'All measurements to the nearest 0.01 foot : Page __ of __ 
i 



GROUNDWATER LEVEL MEASUREMENT SHEET ~ 
., ... ' ;Brown & Root Environmental 

Project: 1\J~8- l-J Lot.:, ~ TAt\J¥-~ Project No,: 5()B~ 
Location: {;)n..CIDN c:..T. Personnel: (bfd?';J. elect [1'-£ l n; Hf:Iv.0 
Weather: 5...11\ .A)\J c:<:s-O / ..:::50./1\...' t\... :1 -c Measuring Device: t-Iefl.o:""l - b. f¥'Ft7S P5 
Date: fS/4/ '}!-! / R/~-hR Remarks: 13b~~ 

(A) (8) 
=(A)-(8) 

Elevation of Water Level Total Well 
Well Number Time Reference Point Indicator Reading 

Groundwater 
Depth (feet)* 

Comments 

(feet)· (feet)· 
Elevation (feet)· 

H~u~-17 
&1"1'7& 

22·0~ ·S-.3S- ,~ .,:) 13,5"3 I,,: 3la 

IUNU~-\2, 
£, I':> I<;£, 

1'2.: ~t:) "22-2~ S-.3"2- \L, .9\ t 4- .33 

IH,\)JS - 2b 
ttl '\ \ 98 

2z-~1 I~ :\0 7.4t';I l':).tJ~ 14 .l.-~ 

I HfVv<) - 2- ( 
&i4I%, 

It..:. u: .... : ~,2'2.,3S- ~.ll \4.'2Ar 14.9)9 
l3.4-J) L.'-."C1L 

A.I\.J'., CM 

I\-tN uS -22.. 
£-';14- \~t, -

~~- t l. lCo \(0.4.4- 20·03 
~ lU..Y-. 

I<':':'L~- ~ CAP 

/{NJS-ZS 
e>\~ \91(, 

20.4~ 9. \9, \ \ .74- /3·90 
~ i...d...lc' 

IS', 0'3 ~ Cl...p 
6/"3\9'6 

27· 1\ \ to .. \q 14.~) 
LL-.,.- C'? S. L"--

I-ftvvS- 24- 1'Z.:7~ 10.'72- D~..;, &TTVrv\. 

(Y\~'i-4RI 
~t5193 

'·9S- s-.oS-
. , 

''25jo \5~L~ 9,~ 

23MLVOIV 
81<;l9E) 

3(:,. ~3 4.loC, 32. \( 5W.,(p '1:or~ 

21MwO·lb 
815\98 
,:'59 '2..3 .. \g 5',9) \1. ,,4-' '2(·70 

2~M~~0 
8(.:)\06 

\to .lQ .,:\~ 22...#9l (,. \~ 54 ·~Co 

123fY\U)04!) 
el~\9'i, 

2\ . P><J '9.,* \3.57 94·50 
~ p.-a.t.. #-)c. F> IV I Srli ~ 

/'S".5b 10. ~L __ Af!U'f.,. 2.5' ~ ~I 

Notes: 

-All measurements to the nearest 0.01 foot Page __ of __ 



NOAA TIDE TABLES 



How to apply differences (+ ,--=) 
and ratios (*) 

Page 1. of 5 

Tidal Differences and Other Constants 

CONNECTICUT, Long Island Sound 

station 
Ston~ngton, Fishers Island Sound 
Noank, Mystic River entrance 
West Harbor, Fishers Island, N.Y. 
Silver Eel Pond, Fishers Island, N.Y. 

--.. Thames R1ver 
NEW LONDON, State Pier 

--+Smith Cove entrance 
Norw~ch 

Millstone Point 
Connect1cut River 

Saybrook Jetty 
Saybrook Po~nt 
Lyme, highway bridge 
Essex 

connecticut R1ver 
Hadlyme U 
East Haddam 
Haddam #7 
H~gganum Creek 
Portland #7 
Rocky Hill iU 
Hartford #7 

westbrook, Duck Island Roads 
Duck Island 
Mad~son 

Falkner Island 
Sachem Head 
Money Island 
Branford Harbor 
New Haven Harbor entrance 
New Haven (city dock) 
M~lford Harbor 
Stratford, Housaton~c R~ver 
Shelton, Housaton~c R~ver 
BRIDGEPORT 
Black Rock Harbor entrance 
Saugatuck Rlver entrance 
South Norwalk 
Greens Ledge 
Stamford 
Cos Cob Harbor 
Greenwich 
Great Captain Islana 

NEW YORK 

Long Island Sound, north side 

fl,tation 
Port Chester 
Rye Beach 
Mamaroneck 
New Rochelle 
Davids Island 
City Island 
Throgs Neck 

http://www .opsd.nos.noaa.gov /tab2ec2a.html 

Time 
Iililh 

-0 32 
-0 22 
o 00 

-0 16 

o 00 
+0 13 
+0 09 

+1 11 
+1 11 
+1 25 
+1 39 

+2 19 
+2 42 
+2 48 
+2 55 
+3 51 
+4 44 
+5 30 
-0 24 
-0 26 
-0 21 
-0 14 
-0 11 
-0 12 
-0 08 
-0 09 
+0 01 
-0 08 
+0 26 
+1 35 

Diff. 
Low 

-0 41 
-0 08 
-0 06 
-0 04 

Hgt. 
High 

*1.05 
*0.89 

·*0.97 
*0.89 

Daily Predictions 
+0 10 *0.97 
+0 25 *1.16 
+0 01 *1.05 

+0 45 
+0 53 
+1 10 
+1 38 

+2 23 
+2 53 
+3 08 
+3 25 
+4 28 
+5 44 
+,6 52 
-0 32 
-0 35 
-0 30' 
-0 25 
-0 15 
-0 23 
-0 18 
-0 14 
-0 01 
-0 10 
+1 01 
+2 44 

*1.36 
*1.24 
*1. 20 
*1.16 

*1.05 
*1.12 
*0.97 
*1. 01 
*0.85 
*0.78 
*0.74 
*0.61 
*0.67 
*0.73 
*0.80 
*0.80 
*0.83 
*0.88 
*0.92 
*0.89 
*0.98 
*0.82 

.*0.74 

-0 04 
Da~ly Predict~ons 

-0 03 *1. 02 
-0 02 
+0 09 
-0 02 
+0 03 
+0 05 
+0 01 
o 00 

+0 01 
+0 15 
-0 01 
+0 08 
+0 11 
+0 01 
+0 01 

*1.04 
*1. 05 
*1.07 
*1.07 
*1.07 
*1.10 
*1.08 

Diff. 
Low 

*1.05 
*0.90 
*0.97 
*0.89 

*0.95 
*1.15 
*1.05 

Ref. Stat10n 
!lew Longon 
New LondQD 
New·.London 
New London 

New London 
New London 
New London 
New London 

*1.35 New Londo!} 
*1.25 New'London 
*1.20 !'lew Lon@1) 
*1.15 New London 

*1.05 
*1.10 
*0.95 
*1. 00 
*0.85 
*0.80 
*0.75 
*0.60 
*0.68 
*0.72 
*0.80 
*0.80 
*0.84 
*0.88 
*0.92 
*0.88 
*0.96 
*0.80 
*0.72 

*1. 04 
*1.04 
*1.04 
*1.08 
*1.08 
*1.08 
*1.08 
*1.08 

New London 
New London 
New LondQll 
New London 
New London 
New London 
New London 
Bridgeport 
Bridgsmort 
Bridmmort 
Bridgeport 
Bridg~.Qr.J:. 
~ridg~p"ort 
Bndg~port 

Bndgeport 
Bridgeport 

. Br~dg~port 
Br~dgsmort' 

.Bndg~potl 

Br~dg,~p_ort 

. Bridg~Rort 
Br~dgS'P_ort 

Bridg~PQ"-t 
Bridg~p_or.J; 

Brid.9~RQr.J:. 
BridgeRQ£t, 
Bnd~smort 
Bridg§lQr.J; 

Time Diff. Hgt. Diff. 
High 

-0 03 
-0 22 
-0 02 
-0 18 
+0 04' 
+0 03 
+0 08 

Low 
-0 14 
-0 31 
-0 13 
-0 21 
-0 09. 
-0 05 
+0 12 

High 
, *1. 01 
, *1. 01 

*1.02 
*1.02 
*1.01' 
*1.01 
*0.98 

Low 
*1.01 
*1.01 
*1. 04 

. *1. 04 
*1.00 
*1.00 
*0.98 

Ref. Station 
Willets Point 
Willets Point 
Willets Po.int 
Wi'llet.Lfoin..1 
W~llets Point 
Willets POl.nt 
Willets POl.nt 

6/16/98 



., Tide Predictions for New London, Connecticut 

All times listed are in Local Time, and all heights are in Feet. 

New London, Connecticut 
Tide Predictions (High and Low Waters) 
NOAA, National Ocean Service 

Hay, 1998 

Day11ght Saving Time 

Day 

1 F 
2 Sa" 
3 Su 
4 H 
5 Tu 
6 W' 
7 Tn 
8 F 
9 Sa 

10 Su 
11 H 
12 Tu 
13 W 
14 Th 
15 F 
16 Sa 
17 Su 
18 H 
19 Tu 

Time Ht. . Time Ht. T1me Ht. 

148am H 3.2 B33am L .0 232pm H 2.5 
249am H' 3.0 932am L .2 337pm H 2.5 
354am H 2.7 1030am L .3 443pm H 2.5 
500am H 2.6 1126am L .4 544pm H 2.5 
601am H 2.5 1217pm L .4 637pm H 2.6 

1248am L .5 654am H 2.5 105pm L .4 
137am L .4 740am H 2.5 148pm L .4 
221am L..3 819am H 2.5 230pm L .4 
303am L .2 857am H 2.5 309pm L .4 
344am L '" 2 933am H 2.6 348pm L .4 
425am L .1 1010am H ·2.6 427pm L .4 
506am L .1 1048am H 2.6 507pm L .5 
548am L .1 1127am H 2.5 548pm L .5 
631am L .1 1209pm H 2.5 631pm L .6 

1210am H 3.1 718am L .2 1254pm H 2.5 
1254am H 3'.0 807am L .3 143pm H 2.5 

146am H 3.0 858am L .3 239pm H 2.5 
244am H 2.9 952am L .3 338pm H 2.6 
349am H 2.8 1046am L .3 438pm H 2.7 

Time 

848pm L 
951pm L 

1054pm L 
1154pm L 

721pm H 
759pm H 
835pm H 
909pm H 
944pm H 

1018pm H 
1053pm H 
1130pm H 

719pm L 
813pm L 
913pm L 

1014pm L 
1115pm L 

Ht. 

.4 

.5 

.6 . 

.6 i 
I 

2.7 
2.8 : 
2.9 i 
3.0 ' 
3.1 
3.2 
3.2 
3.2 

.7 

.8 

.8 I 

.7 

.5 
~20 W 

21 Th 
22 F 
23 Sa. 
24 Su 
25 H 
26 Tu 
27 W 
28 Th 
29 F 

30 Sa 
31 Su 

455am !:I __ ?-,-L __ !..1.3.9..~._~_.:,, __ -,-?_~~.3. 0.----------.... 
1214am L .3 . 559am H 2.8 1231pm L .2 

110am L .1 658am H 2.8 122pm L .1 
204am L -.1 754am H 2.9 212pm L .0 
256am L -.3 847am H 2.9 302pm L -.1 
347am L -.4 939am H 3.0 351pm L -.1 
438am L -.4 1031am H 2.9 442pm L .0 
529am L -.4 1122am H 2.9 534pm L .1 
620am L -.2 1215pm H 2.8 628pm L .2 

1228am H 3.4 712am L -.1 110pm H 2.7 
122am H 3.2 806am L .1 207pm H 2.6 
219am H 2.9 900am L .2 306pm H 2.6 

New London, Connecticut 
Tide Predictions (High and Low Waters) 
NOAA, National Ocean Service 

Daylight Saving Time 

Day 

1 H 
2 Tu 
3 W 
4 Th 
5 F 
6 Sa 
7 Su 
8 H 
9 Tu 

10 W 
11 'Th 
12. F 
13 Sa 
14 Su 
15 H 
16 Tu 
17 W 
18 Th 

Time 

319am H 
4i9am H 
518am H 

1216am L 
106am L 
151am L 
235am L 
317am L 
358am L 
440am L 
522am L 
606am L 
651am L 

1236am H 
128am H 
226am H 
329am H 
434am H 

Ht. 

2.7 
2.5 
2.4 

.6 

.5 

.4 

.3 

.2 

.1 

.1 

.0 

.0 

.1 
3.2 
3.1 
2.9 
2 .. 8 
2.7 

Time 

954am L 
1047am L 
1138am L 

611am H 
659am H 
743am H 
824am H 
903am H 
943am H 

1022am H 
1103am H 
1147am H 
1233pm H 

739am L 
830am'L 
922am L 

1017am L 
11l1am L 

Ht. 

.4 

.4 

.5 
2.4 
2.4 
2.4 
2.4 
2.5 
2.5 
2.6 
2.6 
2.6 
2.6 

.1 

.2 

.2 

.2 

.2 

June, 1998 

406pm H 
504pm H 
555pm H 

1226pm L 
111pm L 
154pm L 
236pm L 
316pm L 
357pm L 
438pm L 
521pm L 
606pm L 
656pm L 
123pm H 
217pm H 
315pm H 
415pm H 
514pm H 

http://www.opsd.nos.noaa.gov/tides/nyneNL.html 

Ht. 

2.6 
2.6 
2.7 

.5 

.5 

.5 

.5 

.5 

.5 

.5 

.5 

.6 

.6 
2.7 
2.7 
2.8 
3.0 
3.2 

632pm H 
725pm H 
816pm H 
906pm H 
956pm H 

1045pm H 
1136pm H 

725pm L 
823pm L 
924pm L 

Time 

1024pm L 
1122pm L 

641pm H 
722pm H 
759pm H 
836pm H 
912pm H 
949pm H 

1026pm H 
1106pm H 
1149pm H 

751pm L 
851pm L 
953pm L 

1055pm L 
1155pm L 

3.2 
3.5 
3.7 
3.8 
3.8 
3.8 ! 
3.6 

.4 

.5 

.6 

Ht. 

.7 , 

.7 

2.8 
2.9 
3.0 
3.1 
3.2 
3.3 
3.3 
3.3 
3.3 

.6 

.6 

.5 

.4 

.3 

Page 1 of 4 
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Tide Predictions for New London, Connecticut 

19 F 
20 Sa 
21 Su 

,22 M 
23 Tu, 
24 W 
25 Th 
26 F 
27 Sa 
28 Su 
29 M 

30 Tu 

539am H 
1253am L 

148am L 
240am L 
331am,L 
420am L 
509am L 
558am L 

1205am H 
1255am H 

146am H 
239am H 

2.7 
.1 

-.1 
-.2 
-.2 
-.3 
-.2 
-.1 
3.3 
3.1 
2.8 
2.6 

New London, Connecticut 

1205pm L 
640am H 
737am H 
832am H 
924am H 

1014am H 
1104am H 

'1153am H 
646am L 
735am L 
826am L 
916am L 

.2 
2.7 
2.'; 
2.7 
2'.8 
2.8 
2.8 
2.8 

.0 

.1 

.3 

.4 

Tide Predictions (High and Low waters) 
NOAA, National Ocean Serv1ce 

Daylight Sav1ng Time 

Day 

1 w 
2 Th 
3 F 
4 Sa 
5 Su 
6 M 
7 Tu 
8 w 
9 Th 

10 F 
11 Sa 
12 Su 
13 M 
14 Tu 
15 w 
16 Th 
17 F 
18 Sa 
19 Su 
20 M 
21 Tu 
22 w 
23 Th 
24 F' 
25 Sa 
26 Su 
27 M 
28 Tu 
29 w 
30 Th 
31 F 

Time Ht. 

334am H 2.4 
430am H 2.3 
5258111 H 2.3 

1231am L .6 
119am L .5 
204am L .4 
247am L .2: 
330am L .1 

,4128111 L .0 
455am L .0 
539am L -.1 
6248111 L .0 

1220am H 3.3 
1138111 H 3.1 
210am H 2.9 
312am H 2.8 
417am H 2.6 
523am H 2.5 

1236am L .1 
132am L .0 
2248111 L .0 
314am L, -.1 
401am L -.1 

'4478111 L ,.0 
532am L .0 
617am L .1 

1226am H 2.9 
111am H 2.8 
158am H 2.6 
249am H 2.4 
342am H 2.3 

New London, Connecticut 

Time 

1007am L 
1058am L 
1147am L 

617am H 
705am H 
749am H 
832am H 
914am H 
956am H 

1039am H 
1123am H 
1210pm H 

712am L 
802am L 
855am L' 
950am L 

1047am L 
1143am'L 

626am H 
725am H 
819am H, 
910am H 
9588111 H 

1043am H 
1128am H 
1213pm H 

702am L 
749am L 
837am L 
927am L 

1018am L 

Ht. 

.5 

.5 

.6 
2.3 
2.3 
2.4 
2.4 
2.5 
2.6 
2.7 
2.8 
2.9 

.0 

.1 

.1 

.2 

.3 

.3 
2.5, 
2.6 
2.6 
2.7 
2.7 
2.8 
2.8 
2.8 

.2 

.3 
'.5 
.6 
.6 

Tide Predictions (High and Low Waters) 
NOAA, National Ocean Service 

Daylight Saving Time 

Day 

1 Sa 
2 Su 
3 M 
4 Tu 

-. 5 W 
6 Th 
7 F 
8 Sa 
9 Su 

10 M 
11 Tu 
12 W 
13 Th 
14 F 
15 Sa 
16 Su 
17 M 
18 Tu 
19 W 

Time 

439am H 
534am H 

1244am L 
132am L 
217am L 
3008111 L 
343am L 
426am L 
510am L 
556am L 

1204am H 
1257am H 
,154am H 
256am H 
402am H 
509am H 

1218am L 
115am L 
207am L 

Ht. 

2.2 
2.2 

.5 

.4 
, .3' 

.1 

.0 
-.1 
-.1 
-.1 
3.3, 
3.2 
3.0 
2.8 
2.6 
2.5,' 

.2 

.2 

.1 

Time Ht. 

1108am L .7 
1158'am L .7 

627am H 2.3 
716am H, 2.4 
801am H 2.5 
845am H 2.6 
928am H 2.8' 

1012am H 3.0, 
1058am H 3.1 
1145am H 3.2 

644am L -.1. 
734am L .0' 
8288111 L .1 
926am L .3 

1025am L .3 
1125am L .4 

615am H' 2.5 
715am H .2.5 
808am H ,2.6 

;;' (I' 

Ii: 611pm H 
1258pm L 

150pm L 
242pm L 
333pm i 
423pm L 

'515pm L 
607pm L 

1244pm H 
135pm H 
229pm H 
323pm H 

July, 1998 

T1me 

417pm H 
509pm H 
557pm H 

1234pm L 
120pm L 
203pm L 
246pm L 
328pm L 
412pm L 
457pm L 
545pm L 
636pm L 
100pm H 
154pm H 
251pm H 
352pm H 
453pm H 
553pm H 

1239pm L 
134pm L 
226pm L 
317pm L 
407pm L 
456pm L 
545pm L 
635pm L 

1259pm H 
147pm H 
236pm H 
327pm H 
419pm H 

AUgust, 1998 

Time 

510pm H 
558pm H 

1246pm L 
133pm L 
218pm L 
303pm L 
348pm L 
435pm L 
524pm L 
616pm L 

1236pm H 
129pm H 
227pm H 
329pm H 
433pm H 
537pm H 

1224pm L 
,~, 121pm L 

214pm L 

, http://www .opsd.nos.noaa.gov Itides/nyneNL.html 

3.3 
.2 
.1 
.1 
.1 
.1 
.2 
,3 

2.7 
2.7 
2.7 
2.7 

Ht. 

2.7 
2.7 
2.8 

.6 

.6 

.5, 
, .5 

.4 

.4 

.4 

.3, 

.3 
3.0 
3.0, 
3.1 
3.2 
3.2 
3.3 

.2" 
~~ 2 
.2 
.2 
.2 
.2 
.3 
.4 

2.8 
2.8 
2.7 
2.7 
2.7 

Ht. 

2.7' 
2.8 

.7 

.6 

.5 

.4' 

.2 

.1 

.1 

.1 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 

.4. 

.3 

.3 

706pm H, 3.5 
759pm H 3.6 
850pm H 3.7 
939pm H 3.7 

1028pm H 3.6 
1117pm H 3.5 

700pm L .4 
756pm L .5 
852pm L .6 
949pm L .7 

Time 

1045pm L 
1140pm L 

641pm H 
723pm H 
802pm H 
842pm H 
922pm H 

1003pm H 
1046pm H 
1131pm H 

732pm L 
831pm L 
932pm L 

1035pm L 
1136pm L 

651pm H 
746pm H 
837pm H 
926pm H 

1012pm H 
1057pm H 
1142pm H 

725pm L 
818pm L 
912pm L 

1006pm L 
1101pm L 

Time 

1154pm L 

645pm H 
729pm H 
813pm H 
856pm H 
941pm H 

1026pm H 
1114pm H 

712pm L 
810pm L 
912pm L 

\ 1015pm L 
. '1118pm L 

639pm H 
735pm H 
826pm H 

.7 

.7 

2.9 
3.0 
3.1 
3.2 
3.3 
3.4 
3.4 
3.4 

.3 

.4 

.3 

.3 

.2 

3.4 
3.5 
3.5 
3.5 
3.4 
3.3 
3.1 

.5 

.6 

.7 

.7 

.7 

Ht. 

.7 

2.9 
3.1 
3.2, 
3,4 
3.5 
3.5 
3.4 

.1 

.1 

.2 

.2 

.2 

3.3 
3.3 
3.3 
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Tide Predictions for New London, Connecticut 

All times listed'are in Local Time, and all heights are ~n Feet. 

New London, Connecticut 
Tide Predictions (High and Low waters) 
NOAA, National Ocean Service 

Daylight Saving Time 

Day 

1 Sa 
2 Su 
3 M 
4 Tu 
5 W 
6 Th 
7 F 
8 Sa 
9 Su 

10 M 
11 Tu 
12 W 
13 Th 
14 F 
15 Sa 
16 Su 
17 M 
18 Tu 
19 W 
20 Th 
21 F 
22 Sa 
23 Suo 
24 M 
25 Tu 
26 W 

'27 Th 
28 F 
29 Sa 
30 Su 
31 M 

Time 

439am H 
534am H 

1244am L 
132am L 
217am L 
300am L 
343am L 
426am L 
510am L 
556am L 

1204am H 
1257am H 

154am H 
'256am H 

, 402am H 
509am H 

1218am L 
115am L 
207am L 
255am L 
340am L 
422am L 
504am L 
545am L 
628am L 

1236am H 
119am H 
206am H 
258am H 
355am H 
454am H 

Ht. 

2.2 
2.2 

.5 

.4 

.3 

.1 

.0 
-.1 
-.1 
-.1 
3.3 
3.2 

. 3.0 
2.8 
2.6 
2.5 
.. 2 

, .2 
.1 
.1 
.1 
.1 
.2 

, .2 
.3 

2.7 
2.6 
2.4 
2.3 
2.3, 
2.2 

New London, Connecticut 

Time 

1108";' L 
1158am L 

627am H 
716am H 
801am H 
845am H 
928am H 

1012am H 
1058am H 
1145am H 

644am L 
734~ L 
828am L 
926am L 

1025am L 
1125am L 

615am H 
715am H 
808am H 
856aJii H 
939am H 

1020am H 
1100am H 
1140am H 
1221pm H 

712am L 
758am L 
846am L 
938am L 

1031am L 
1124am L 

Ht. 

.7 

.7 
2.3' 
2.4 
2.5 
2.6 
2.8 
3.0 
3.1 
3.2 
-.1 

.0 

.1 

.3 

.3 

.4 
2.5 
2.5 
2.6 
2.7 
2.8 
2.9 
2.9 
2.9 
2.9 

.4 

.6 

.7 

.8 

.8 

.8 

Tide Predictions (High and Low Waters) 
NOAA, National Ocean Service 

Daylight Saving Time 

Day 

1 Tu 
2 w 
3 Th 
4 F 
5 Sa 
6 Su 
7 M 
B.Tu 
9 W 

10 Th 
11 F 
12 Sa 
13 Su 
14 M 
15 Tu 
16 W 
17 Th 
18 F 
19 Sa 
20 Su 
21 M 
22 Tu 
23 W 
24 Th 
25 F 
26 Sa 

Time 

1209am L 
1258am L 

144am L 
228am L 
312am L 
356am L 
441am L 
527am L 
616am L 

1240am H 
137am H 
240am H 
347am H 
457am H 
,604am H 

1254am L 
145am L 
'231am L 
314am L 
354am L 
433am L 
513am L 
553am L 

1204am H 
1245am H 

130am H 

Ht,. 

.6 

.5 

.3 

.1 

.0 
-.1 
-.2 
-.2 
-.1 
3.2 
2.9 
2.7 
2.6 
2.5 
2.5 

.3 

.3 

.3 

.3 

.3 

.3 
, .4 

.4 
2.7 
2.6 
2.5 

Time Ht. 

'551am H 2.3 
642am H' 2.4 
730am H 2.6 
816am H 2.9 
901am H 3.1 
946am H 3.3 

1032am H 3.5 
1120_ H 3.6 
1211pm H 3.6 

708am L .0 
B03am L .2 
903am L .3 

1006am L .4 
1109am L .5 
1210pm L .5 

704am H 2.6 
755am H 2.7 
838am H 2.8 
917am H 2.9 
954am H 3.0 

1030am H 3.0 
1106am H 3.1 
1143am H 3.0 

635am L .5 
719am L .7 
807am L .8 

August, 1998 

Time 

510pm H 
558pm H 

1246pm L 
133pm L 
218pm L 
303pm L 
348pm L 
435pm L 
524pm L 
616pm L 

1236pm H 
129pm H 
227pm H 
329pm H 
433pm H 
537pm H 

1224pm L 
121pm L 
214pm L 
303pm L 
351pm L 
437pm L 
522pm L 
608pm L 
654pm L 
103pm H 
147pm H 
235pm H 
326pm H 
420pm H 
514pm H 

Ht .. 

2.7 
2.8 

.7 

.6 

.5 

.4 

.2 

.1 

.1 

.1: 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 

.4 

.3 

.3 

.2 

.2 

.2 

.3 

.4 

.5 
2.9 
2.8 
2.7 
2.7 
2.7 
2.8 

September, 199B 

Time 

1215pm L 
104pm L 
152pm L 
239pm L 
327pm L 
415pm L 
505pm L 
557pm L 
652pm L 
105pm H 
204pm H 
307pm H 
414pm H 
522pm H 
626pm H 
108pm L 
200pm L 
248pm L 
333pm L 
416pm L 
458pm L 
541pm L 
624pm L 

1221pm H 
101pm H 
145pm H 

Ht. 

.8 

.6 

.5 

.3 

.1 
-.1 
-.2 
-.2 
-.1 
3.6 
3.5 
3.3 
3.2 
3.1 
3.1 

.4 

.4 

.3 

.3 

.3 

.3 

.3 

.4 
3.0 
2.9 
2.8 

http://www.opsd.nos.noaa.gov/tides/nyneNL.html 

Time 

1154pm L 

645pm H 
729pm H 
B13pm H 
856pm H 
941pm H 

1026pm H 
1114pm H 

712pm L 
810pm L 
912pm L 

1015p,m L 
1118pm L 

639pm H 
735pm H 
'826pm H 
913pm H 
956pm H 

1036pm H 
1116pm H 
1156pm H 

743pm L 
834pm L 
927pm L 

1022pm L 
1117pm L 

Ht. 

.7 

2.9 
3.1 
3.2 
3.4 
3.5 
3.5 
3.4 

.1 

.1 

.2 

.2 

.2 

3.3 
3.3 
3.3 
3.2 
3.2 
3.1 
3.0 
2.9 

.6 

.7 

.7 

.7 

.7 

Time Ht. 

607pm H 2.9 
657pm H 3.0 
745pm H 3.2 
832pm H 3.4 
919pm H 3:5 

1007pm H 3.5 
1056pm H 3.5 
1146pm H 3.3 

750pm L .0 
851pm L .1 
954pm L .2 

1057pm L .3 
1158pm L .3 

724pm H 3.1 
813pm H 3.0 
857pm H 3.0 
936pm.H 3.0 

1013pm H 2.9 
1049pm H 2.9 
1126pm H 2.8 

710pm L .5 
759pm L .6 
850pm L .7 
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Make a Tide Prediction Help . Page 1 of2 

-IHow to apply differences'(+,-) and ratios (*) 

The publication of full daily tide predictions is necessarily limited to a comparatively small number 
of stations. These stations are referred to as "reference stations". Tide predictions for more than 3000 
other locations can be obtained by applying certain differences to the daily tide predictions for the 
reference stations. ' 

These pages.provide a listing of the more than 3000 "subordinate stations" for which such predictions 
can be made, the differences or ratios to be used, and a link to the appropriate reference station. The 
stations in the listing are arranged in geographical order to make it possible to find stations which are 
available for an area you are interested in. 

Caution: The time and height differences and ratios are derived from a comparison of simultaneous 
tide observations at the subordinate station and it reference station. Because these figures are 
constant, they may not always provide for the daily variations of the actual tide, especially if the 
subordinate station is some distance from the reference station. Therefore, although the application of 
time and height differences will generally provide reasonably accurate approximations, they cannot 
result in predictions as accurate as those listed for the referen,ce stations whi~.h are based on much 
larger periods of analysis.' 'r . 

Time Differences: To determine the time of high and 10\Y tide at any station listed in this table there 
is given the columns headed "Time Differences"in which the hours and minutes to be added or 
subtracted from the time of high or low tide of the reference stations. A plus sign (+) indicates that 
the tide at the subordinate station occurs later than at the reference station and the difference should 
be added; a minus sign (-) indicates that it is earlier and should be subtracted. 

To obtain the tide at a subordinate station on any date, apply the difference to the tide at the reference 
station for that same date. In some cases, however, to obtain an AM tide it may be necessary to use 
the preceding day's PM tide at the reference station or to obtain a PM tide it may be necessary to use 
the following day's AM tide. For exainple, if a high tide at a reference station occurs at 0200 on July 
17, and the tide at the subordinate station occurs 5 hours earlier, the high tide at the subordinate 
station will occur at 900 PM on July 16.,For the second case, if the high water at a reference station 
occurs at 1000 PM, and the tide at the subordinate station occurs 3 hours later, then high tide will 
occur at 100 AM on July 3 at the subordinate station. 

The results obtained by application of the time differences will be in local time for the subordinate 
station. The necessary allowances for the change in date when crossing the international date line, or 
for different time zones have been included in the time differences listed. 

Height Differences: The height of the tide, referred to the datum of nautical charts, is obtained by 
means of the height difference or ratios. A plus sign (+) indicates that the difference should be added 
to the height at the reference station, and a minus sign (-) indicates that it should be subtracted. For 
most stations, use of a predicted height difference would give unsatisfactory predictions. In such 
cases they have been omitted and one or two ratios, indicated by an asterisk (*), are given. To obtain 
the height oftide at the subordinate station in these cases, multiply the height oftide at the reference 

http://www .opsd.nos.noaa. gov It2he~p .html 6116/98 



Make a Tide Prediction Help Page 2 of2 

station by the ratio listed. The result is normally rounded to the nearest .1 foot. 

For some subordinate stations there is given, in parentheses, a ratio as well as a correction. In those 
instances, each predicted high and low water at the reference station should be first multiplied by the 
ratio and then the correction is added or subtracted from each product. 

Example Tide Calculations 

For Atlantic City, New Jersey, the time and height adjustments listed in the tables are: 

-0 27 -0 35 *0.88 *0.88 

and the reference station is Sandy Hook, New Jersey. If the times in column 1 are the tides for a day 
at Sandy Hook, column 2 are the time corrections and column 3 are the height corrections, column 4 
will be the predicted tides at Atlantic City. 

(1 ) (2 ) (3) (4 ) 
446am O. 3ft -0 35 *0.88 4 11 am 0.3ft 

1052am 4. 2ft -0 27 *0.88 1025am 3.7ft 
502pm O. 2ft -0 35 *0.88 427pm 0.2ft 

1127pm 4. 3ft -0 27 *0.88 1100pm 3.8ft 

For Monterey California, the time and height adjustments listed in the tables are: 

-1 08 -0 47 -0.5 0.0 

and the reference station is San Francisco, California. If the times in column 1 are the tides for a day 
at San Francisco, column 2 are the time corrections and column 3 are the height corrections, column 
4 will be the predicted tides at Monterey. . 

(1 ) (2) (3) (4 ) 
237am -5.1ft -1 08 -0.5 129am 4.6ft 
828am 1.9ft -0 47. 0.0 741am 1. 9ft 
231pm 4. 2ft -1 08 -0.5 323pm 3.7ft 
820pm 1:6ft -0 47 0.0 733pm 1. 6ft 

" 

http://www .opsd.nos.noaa.gov /t2help.html 6/16/98 
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PUBLICATION DATE: 11/25/1985 Page 1 of 5 

CONNECTICUT 846 1490 

U.s. DEPARTMENT OF COMMERCE 
NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION 

NATIONAL OCEAN SERVICE 

TIDAL BENCH MARKS 

NEW LONDON (STATE PIER), ,THAMES RIVER 

LATITUDE: 410 21.3" N 
NOAA CHART: 13213 

LONGITUDE: 
USGS QUAD: 

720 5.2' W 
NEW LONDON 

To reach the tidal bench marks from Interstate 95 take exit 84E to Crystal 
Avenue, continue on Crystal Avenue for 0.3 mile (0.5 km) to State Pier Road, 
follow the road for 0.8 mile (1.3 km) to State Pier. The tide house is located 
at the south of State Pier and the bench marks are located within 1 mile (1.6 
km) radius of the tide station along the surrounding roads. 

BENCH MARK STAMPING: 12 1938 

MONUMENTATION: Survey Disk 
AGENCY/DISK TYPE: USC&GS Tidal Bench Mark 
SETTING CLASSIFICATION: Concrete Base 

The bench mark is located at the northern end of State Pier on the NE side of 
the railroad tracks. The bench mark is set in concrete base of steel column 
which supports span over railroad tracks, 22.5 feet (6.9 m) WSW of power pole 
11067 with three transformers, 4.6 feet (1.4 m) east of the easternmost rail at 
the entrance to State Pier, 0.7 foot (0.2 m) north of the steel column support, 
and set flush in a concrete base 1.1 feet (0.3 m) above asphalt ground level. 

BENCH MARK STAMPING: 13 1938 

MONUMENTATION: . Survey Disk 
AGENCY/DISK TYPE: USC&GS Tidal Bench Mark 
SETTING CLASSIFICATION: Concrete Base 

The bench mark is located on the grounds of State,Pier, set in concrete base of 
the NE leg of the only water tower in this area, 93.9 feet (28.6 m) SE of the 
SE corner of a two-story white warehouse #2, 40.0 feet (12.2 m) east of the NW 
leg of the water tower, 12.7 feet (3.9 m) west of the west rail of the railroad 
tracks leading to State Pier, 0.7 foot (0.2 m) east of the steel base plate of 
the NE tower leg, 1.2 feet (0.4 m) above ground level. 

BENCH MARK STAMPING: 14 1938 

MONUMENTATION: Survey Disk 
AGENCY/DISK TYPE: USC&GS Tidal Bench'Mark 
SETTING CLASSIFICATION: toncrete Foundation 

The bench mark is located at the inshore end of State Pier in the NW corner of 
the concrete foundation around the weighing scales north of State Pier office 
building, 74.8 feet (22.8 m) ENE of the most easterly railroad track leading to 
State Pier, 59.0 feet (18.0 m) NNE of power pole #8887, 26.5 feet (8.1 m) NW of 

http://www.opsd.nos.noaa.gov/bench/ctl8461490.txt 8/14/98 
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the NW corner of State office building, set flush in concrete, and level with 
the parking lot. 

PUBLICATION DATE: 11/25/1985 Page 2 of 5 

CONNECTICUT 846 1490 

NEW LONDON (STATE PIER), THAMES RIVER 

BENCH MARK STAMPING: 1490 J 1978 

MONUMENTATION: Survey Disk 
AGENCY/DISK TYPE: USC&GS Tidal Bench Mark 
SETTING CLASSIFICATION: Concrete Bridge Abutment 

The bench mark is located at the intersection of Winthrop Street and State Pier 
Road, 23.5 feet (7.2 m) west of the extended centerline of State Pier Road, 
15.0 feet (4.6 m) north of the centerline of the bridge, and 3.0 feet (0.9 m) 
below the bridge surface. 

BENCH MARK STAMPING: 1490 K 1979 

MONUMENTATION: Survey Disk 
AGENCY/DISK TYPE: NOS Tidal' Bench Mark 
SETTING CLASSIFICATION: Bedrock --
The bench mark is locat~d on the north side of State Pier Road, ~I99.5 feet 
(60.8 m) west of the NW bridge abutment of the steel span over railroad tracks, 
31.8 feet (9.7 m) north of the centerline of State Pier Road, 25.0 feet (7.6 m) 
south of the south rail of the southernmost railroad tracks, 12.0 feet (3.7 m) 
north of power pole #ll~H 1939 with the fire alarm box, and 9.7 feet (2.9 m) 
south with power pole marked with a white cross. 

BENCH MARK STAMPING: 15 1947 

MONUMENTATION: Survey Disk 
AGENCY/DISK TYPE: USC&GS Tidal Bench Mark 
SETTING CLASSIFICATION: Concrete Retaining Wall 

The bench mark is located on the west sige of the concrete road leading from 
Winthrop Street to State Pier, 156.5 feet (47.7 m) NW of Bench Mark 14 1938, 
22.1 feet (6.7 m) north of the south end of a chain link guard fence, 0.5 foot 
(0.1 m) east of the west face of the ramp, set in top of a concrete retaining 
wall, and 3.5 feet (1.1 m) above ground level. 

BENCH MARK STAMPING: 17 1965 

MONUMENTATION: Survey Disk 
AGENCY/DISK TYPE: USC&GS Tidal Bench Mark 
SETTING CLASSIFICATION: Concrete Handrail 

The bench mark is located in the concrete underpass leading from Winthrop 
Street to State Pier, 900 feet (274 m) NW of Bench Mark 15 1947, 14.0 feet (4.3 
m) east of the centerline of Winthrop Road, 4.5 feet (1.4 m) west of the east 
face of the southern bridge abutment, 1.2 feet (0.4 m) SE of a 6-inch steel 
vertical I Beam, and set flush in a concrete abutment, 1 inch below street 
level. 

PUBLICATION DATE: 11/25/1985 Page 3 of 5 
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CONNECTICUT 846 14.90 

NEW LONDON (STATE PIER), THAMES RIVER 

BENCH MARK STAMPING: Y 10 1935 

MONUMENTATION: Survey Disk 
AGENCY/DISK TYPE: USC&GS Tidal Bench Mark 
SETTING CLASSIFICATION: Granite Step 

Page 3 of 4 

The bench mark is at the NE corner of the intersection of Captains Walk and 
Union Street, 93.0 feet (28.3 m) east of the extension of Union Street, 35 feet 
(10 m) north of the centerline of Captains Walk, 23 feet (7 m) east of the 
centerline of Union Street, set in the top of the east end of the third step 
from the bottom of the Captains Walk entrance to City Hall, 2 feet (1 m) higher 
than State Street. 

BENCH MARK STAMPING: Y 5 1922 ELEV. 32.·575 FT 

MONUMENTATION: Survey Disk 
AGENCY/DISK TYPE: USC&GS Tidal Bench Mark 
SETTING CLASSIFICATION: Granite Step 

The bench mark is located at the intersection of Captains Walk and Union 
Street, set in_the west end of the second step from the bottom of Captains Walk 
entrance of City-Hall, 56.0 feet (17.1 m) east of the extended centerline of 
Union Street, 35.0 feet (10.7 m) north of the center of Captains Walk, 15.0 
feet (4.6 m) west of the west~south fFce entrance to City Hall. 

BENCH MARK STAMPING: Z 10 1935 

MONUMENTATION: Survey Disk 
AGENCY/DISK TYPE: USC&GS Tidal Bench Mark 
SETTING CLASSIFICATION: Concrete Base 

The bench mark is located 190 feet (65 m) SE of the intersection of Water 
Street and Gov. Winthrop Blvd., 0.2 mile (0.3 km) north from the ralroad 
station in New London, 100.5 feet (30.6 m) SE·of the block signal No. 123.2, 69 
feet (20.4 m) south of the entrance to the two-story red brick office, 37.5 
feet (11.4 m)" east of the chain link fence, 6.4 feet (1.9 m) north of the track 
switch, set in the top of the east corner of a concrete base formerly used to 
support the block siqnal. 
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. CONNECTICUT 846 1490 

NEW LONDON (STATE PIER), THAMES RIVER 

Tidal datums at NEW LONDON (STATE PIER), THAMES RIVER are based on the 
following: 

LENGTH OF SERIES" 
TIME PERIOD 
TIDAL EPOCH 
CONTROL TIDE STATION 

17 YEARS 
1960-1978 
1960-1978 
FIRST REDUCTION 

http://www.opsd.nos.noaa.govibench/ctl8461490.txt 8/14/98 
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Elevations of tidal datums referred to mean lower low water (MLLW) are as follows: 

HIGHEST OBSERVED WATER LEVEL (09/21/1938 ) 10.76 FEET 
MEAN HIGHER HIGH WATER (MHHW) 3.08 FEET 
MEAN HIGH WATER (MHW) 2.78 FEET 
MEAN TIDE LEVEL (MTL) 1. 49 FEET 
*NATIONAL GEODETIC VERTICAL DATUM-1929 (NGVD) 1. 07 FEET 
MEAN· LOW WATER (MLW) 0.20 FEET 
MEAN LOWER LOW WATER (MLLW) 0.00 FEET' 
LOWEST OBSERVED WATER LEVEL (02/02/1976) -3.82 FEET 

*NGVD reference based on adjustment of 1967 and NOS levels of 1985. 

Bench mark elevation information: 

ELEVATION IN FEET ABOVE: 

BENCH MARK STAMPING MLLW MHW 

12 1938 10.67 7.89 
13 1938 10.36 7.58 
14 1938 10.54 7.76 
1490 J 1978 31.36 28.58 
1490 K 1979 31.01 28.23 
151947 12.67 9.89 
17 1965 32.77 29.99. 
Y 10 1935 33.65 30.87 
Y 5 1922 ELEV. 32.575 FT 33.65 30.87 
Z 10 1935 8.70 5.92 

PUBLICATION DATE: 11/25/1985 Page 5 of 5 

CONNECTICUT 846 1490 

NEW LONDON (STATE PIER), THAMES RIVER 

MSL is the local mean sea level and should not be confused with the fixed datums 
of NGVD (sometimes referred to as Sea Level Datum of 1929) or NAVD 88. 

NGVD is a fixed datum adopted as a standard geodetic reference for heights. It 
was derived from a general adjustment of the first order leveling nets of the 
U.S. and Canada. Mean sea level was held fixed as observed at 26 stations in 
th~ U.S. and Canada. Numerous adjustments have been made since originally 
established in 1929. 

NAVD 88 involved a simultaneous, least squares, minimum-constraint adjustment 
of Canadian-Mexican-United States leveling observations. Local mean sea level 
at Father Point/Rimouski, Canada was held fixed as the single constraint. 

These fixed datums do not take into account the changing stands of sea level and 
because they represent a "best" fit over a broad area, their relationship to 
local mean sea level is not consistent from one location to another. 

http://www .opsd.nos.noaa. gOY !bench! ctl8461490. txt 81!4/98 



RAINFALL DATA FROM GROTON 

UTILITIES WATER TREATMENT PLANT 



',' 

To: Mr. Tom Dickson TetraTech, NUS From: Labora~ (860) 446-4084 

Date: 
Time: 
Pages: 

To: 
Company: 
Fax#: 

From: 
Company: 
Address: 

Fax#: 
Voice #: 

Message: 

;, r, ~ 

1,") 

FACSIMILE COVER PAGE 

5/26/98 
15:47:36 
2 

Mr. Tom Dickson 
TetraTech, NUS 
(412) 921-4040 

Laboratory 
Groton Utilities, Water Treatment Plant 
295 Meridian Street ( ,': 

.. '\j.. 
Groton, CT 06340 
(860) 446-4084 
(860) 446-4082 

Here is the rainfall for the month of May 1998 to date, as you' requested. 

-~, .. 

5/26/98 15,47:40 Page 1 of 2 



To: Mr. Tom Dickson TetraTech, NUS From: Laboratory (8BO) 446-4084 

5/26/98 

Date 

1 
2 
4 
5 
6 
7 
8 
9 
10 
11 
17 
25 

Total rainfall: 

, . 

Groton Water Treatment Plant Groton, CT 
Rainfall, May 1998 month-to-date 

I 

Rainfall (in i nches) 

0,13 
0,55 
0,43 
0,15 
0,22 
054 

,T 
1,25 
1,13 
0,55 
0,11 
0,30 

5,36 Inches 

T= trace (less than 0,01 inches) 

5/26/98 15:48:04 Page 2 of 2 



SURVEY INFORMATION 



~ . 
) 

£ DIVERSIFIED LAND 
. .= SURVEYORS, INC. 

August 8, 1998 

TANK FARM SITE 
. NA VAL SUBMARINE BASE (NSB) 

NEW LONDON, GROTON, CT 

Subcontract Number: GCDB-98-626-1298 

All work provided under the subcontract complies with all requirements of the 
specifications ar.d engineer approved deviations. 

David 1. Rode,'" liPresident 
I 

Date 

An Equal Opportunity Employer MIF 
220 FARMDALE RD., P.O. BOX 789, WATERTOWN, CT 06795-0789 

(860) 274-5053 FAX (860) 274-7740 



Nfrb \<7B'~ Nf\VD \'7~ 
OUTER 

WELLS NORTHING EASTING GROUND PVC/STEEL CASING 

23MW01D 702,867.493 1,183,945.293 34.68 34.44 34.68 
23MW02D 702,937.986 1,183,145.844 21.16 20.80 21.16 
23MW03D 703,528.051 1,182,814.493 20.91 20.52 20.91 
23MW04D 703,270.160 1,182,275.243 19.87 19.50 19.87 

GCDB-98-626-12sa TANK FARM SITE 

WELL LOCATION 7-31-98 and 8-7-98 

9820-tank farm 



• 

CALCULATION WORKSHEET Order No. 19118 (01-111) 

CLIENT 

Ns6 -f\JLQ,...j 
SUBJECT 

£LE"vFn-lOr-J of 
BASED ON 

Svc.1JEl.1 {b""pu:~ 
BY 

CPr-rl-

H'fDlto&rou:t:.l C. STvD~ 
AT TA-;..I\L ,.:::::~ 

JOB NUMBER 

LeVeu. IN 

~ T. evl'M. S/zlf9g 
DRAWING NUMBER 

ICSLl4l APPROVED BY 

PAGE OF 3 

I DATE 



CALCULATION WORKSHEET Order No. 19118 01-91 

CLIENT 

N5 
SUBJECT 

!?L VP<1"10N 
BASED ON 

SVR'J'E'{ 
BY 

CAlL 

PAGE Z-- OF 

JOB NUMBER 

APPROVED BY DATE 

---,--~,--. ___ +,_I 
I I 

---7--~--+---+---~-4---+---.--~I. i 1-: 
I I 

---------: --'----: --;---, ~-;--'----+-----+-----i-J 
: ' I! , ,. i I I ' ' i ----, -+----~-----r---,-- -; __ ..i ____ :---~--~---1---1---: --;---+-----J,':----:-; ----+-i ___ :~--l ;-----;--'----;-----1---+---.:--11 

--J----j --- -:---;---~--- +-e-!~-, ____ : __ -----;-I_+---+-' --1---+--------; '---"---1-:-'-i -t-i--+-+-----t----I--,---+-----ll 
I l .~--~I----+-'--~--~--+---+-----~--_+--~ --'--,---'-------.~--_t 



CALCULATION WORKSHEET 0 .... No. 19116 101-111 

CLIENT 

Nse-IvLotJ . 
SUBJECT 

H't Dflo tSGO L.06I C- SNP'1 
AT" -rAN~ +~ 

~ !EVA Tl 0!0 of (")Pt '"T"e-tL. LEVet.S. 
BASED ON 

SUR\Je.t 
I CHE~~E~BY 

i:.l\~~~g TlMl.. (;,-(5-'('2, 

PAGE 3 OF 

JOB NUMBER 

S08~ 

DRAWING NUMBER 

APPROVED BY I DATE 



BORING LOGS 



PROJECT NAME:' 

•
PROJECT NUMBER: 
DRILLING COMPANY: 
DRILLING RIG: 

. M!, TJ;RJAI... P~kl'" I jO~ - ..... '~I . 
sa ..... De_ 81_' Sa .... I.i1IIoIe9Y , U 
..... na IFll C" or RCO R_".,., ell .... S 
T~Ot: or ('" sa. ... (0.lilii/i'i.1 $011 Dena.,., 

C 
~ I 

~ L RCO RunN •. L.""" or e-..M\' Remarks I ~ or Color MatenaI caaulftcatJon S J ·1 l- It .. , • 
*-

~ O~3.' / A \J Crfi'd- '.> Q S-rAIl-r G, Ie) Cl b 

/ YAt" (k,u.. S ,,,..,--S AN""9 

/ LAvtc..£-fl "c~ Or ~ 

100$0 $. ~ ~ $,: }i,~ ~I'Z..C.€ ~ 0 \J1.-"J)l3( 

S L a 0 0 In 
.. L 

/ 
lS / ~AI(' ~(.""c.~ 13 o"q~ 

/ 
I\~O / . , 

!DIC n t1.JJw,J 5" A."v, 11\.11.( 0 t t;r a c) b \0 0 

/ t.ArtGc; (~.,~ ~oc~s) 

/ -
L 
L 

\5 / ij) 1<. t!1t D&.l,J ).fv.J J> I Tf?AC6 (} () t) J 

/ -f~~F'~~.s 
/ 
/ 
/ 

1/130 10 / 1),[· 6filJw.N .sA"'~J () b c) o· 
/ -mA.u- FI~) 

/ 
/ 
/: 

'lS / Ij~. ~a.ot.JfJ SA~, rrtAg[i.j~ <::) ~ 0 b 
Drilling Are. 

Background (ppm):"""' --.] 

Converted to Well: Yes x No Well 1.0. #: el.~ MW 0 15 



:> 

i~ 

BORING LOG page~of .3 

PROJECT NAME:- N~B -NLoN BORING NUMBER: ~3M Ot.D 
PROJECT NUMBER: C:To ;10,,/ .sot~ DATE: V-/,H I '(8 Il~'/'i' ~ r 

DRILLING COMPANY: MA)(I ~ 1tekno(u~lt~ :x.r.~. GEOLOGIST: 
r..-,-

'lSI J}.,",~.!1e. If.., 

DRILLING RIG: ,..- - J ~~IL..I"'(' t-I{) DRIlleR: A k.~"'AL' ( ',yo 

. MATERIAL DESCRIPTION PIIIII'ID ..-.1".--,-
sa ..... Ce_ BI_' Sa .... LIII\OIe9Ir 

, U 
...... nG IF!.) S" or Rao i •. e ....... S 
Type or or ('" saa ... (DotIWFl., SolI 00ntI." 

C sa , ~ IIIQD Run "0 L ...... or eo....lICy Remarks I I sene- or I Color Mater1al CI .. aIftc:ItIon S 

I - _ 1I0Ck • 
*"'-

/' 
/' 
/' 
/' 

1\14 ~ JO /' 16(2.owl'" S,4.-.r, 0 () 10 b 
/' 
/' 
/' 
/' 

1S /' ,~{(OI..W ~~ ~ () C 0 
L 
L 
/' 
/' 

'-tD /' I ()Ao\oJ~ S;:-t\-...l~ 0 ~~ 0 ~cl 

/ 
14~() 1./" /' 

/' rse:YQo:} 

/ 
I q.s. / ~ [0 10 <: 

, 

/ 
\2.\0 ILQ L GtI..~I'IL C~tl)r 

~ 
/' 

Illi;o 15(:) ~ 0 () ~c 
• WMn rac:II ccnng. enter rod! ~, 

Converted to Well: Yes x No ___ _ 

Drilling Area 
Background (ppm):r-C--] 

WeIlI.D,#: ;t'3MWO ]5 



BORING LOG Page :> of 2-
PROJECT NAME:- N~B -NLDN . BORING NUMBER: ~3M 01)) 

• ROJECT NUMBER: c.,-o ~~ .sor~ DATE: ;/ 'S 11f' -_7 /'J~ /CC 1 

DRILLING COMPANY: MA)( I ~ t e~"g(.:lj[t S I ::me.. GEOLOGIST: TPJ .v II ., .• - 1.1 • .... ~J?~~~ 

DRILLING RIG: 
, 

DRILLER: \tJ I "~AL-' ·VO o1.(.I'P 

, MATERIAL DESCRIPTION .....,~I~ 
Sa.IM. CIe_ BI_I Sa ..... \.IIIIoIofy , U 
..... "a (Fli r' or RQO R_....,., Clla .... S 
Type or ar (%1 ~ .... (Do""",,' SoIIDoM..." 

C :a , L RQD AunHD Lo"9ll\ or ~1ICy Remarks l sa..- or I Color MateNI Claaalflc:atJan S I I I- II- • ...... 
7P' L 

S~ ~ I("AA- G-,v£\'sl "" I l")uA-t1.. .. ~ 0 VMS 0 CI~ 

Z ... (~ b--r'~ 

/ 
11' 

Ib~~ 5> / I V..nt... ~€U~ wi Q-JAfL~ 10 :0 10 J! ~"f 

/ ........ 6.0T,"i\::-

/' 
I~j.. /' (,P./t\ C:st-Je,JS' u/ QuM ... I~ () 0 Ie) f.J 

/' (;'O~ ~,o"'1t. 

/' ., ... ;1, , 

/ 
/' 
/ 
/' 
/' 
/ 
/' 
/ 
/' 
L . 

" 

/' 
/' 
/ 
L 
/ 

rociI conng. enter rucII ~. 

Indude momtar reed~ ~ 6 ';t m.-Is boreftclle. '-r..aang freqUMCy if ........ repoN. reed. Drilling Area 
Remarks: - ., ~'f q~ EVD DF Gcll.(":)G- Ar£7. ~-; . Background (ppm):CJ 

Converted to Well: _ Yes x No WeIlI.D. #: ~~ MW 0 J5 



PROJECT NAME: 
PROJECT NUMBER: 
DRILLING COMPANY: 
DRILLING RIG: 

sa ..... CleIlO! 81_1 Sa ....... 

H! .• ". 1Ft.) S-orRQO Recovery 

T\'PO or or (%, Sa ...... 
RQD Ru" L."gO! 

N/A N/A 

BORING LOG 

LftIIOlO9Y 

~ Of fNtlNl CI ... mcatIon 
'_I ROCII 

*"'-

No 

u 
s 
c 
s Remarks 

WeIlI.D. #: ;t '3 M W 0 

Pag 

o .0 

o 0 

o 0 0 



• 

PROJECT NAME: 
PROJECT NUMBER: ' 
DRILLING COMPANY: 
DRILLING RIG' 

, I 
Sa.ple De_ BI_I SaIllP" 
No,ana (Fl' C- or RaO Recovery I 
Type or or (%, Salll.,.. 

RaO Ru" No lenVIII 

N/ft N/ft 

./ 
L 

~% /' 
L 
/ 

I /' 
/' 
/' 
L' 
L 
L 
L 
/' 
/' 
/' 
/ 
/' 
/' 
/' 
~ 
/' 
/' 
/' 
/' 
/' 

, ,BORING LOG Psg ..d of d-
N SoB - N LoN BORING NUMBER: ~3~ W O!2. .D , 
(To ;l~ SOia d' • DATE: 5TR~": 9 ~8 eND: If'61~8 

MA)('~ ttL",Q(Uj,tS) :I.rtt!. GEOLOGIST: ~c __ e leo:ler . 
DRILLER' 

MATERIAL DESCRIPTION I"IDII'ID 111_ .... (""'"': 

lftlloloqy , U 
Cllin .. S 

(DeIlll\lR I SolI DeMftyf 
C ~ , L or 

Co __ My 

Remarks I I ScrM_ Of Color Mat.nat Claaalflcatlon S i I_I 11- . -- 'a 

n'PEt\ At ±J(" S 'C\,..;IIe.r 1fPO~ il\(tfQ~ J 
\\oL.~ wcxtr (-h-CL~ ~'"'" ,), 

I 1M.! 2g.'-I'J(;lIer~~il\C~ I~ 0 0 0 0 
28.S Wg~kottrt ~OI\O): totaltlo~ 
£o~ e4iMo.n.J 3o-~oGPM. WClU i 

st:1I rl( s14bcowo 5, l-hJ ' 
I '.J 

BmM o~ e,o~ING 

AI2~.5" FlOE/. 

~ pe", beJ(oc.k ho k -h-om 
, (g." to2S.S--feet-.) 

IC1>t!((Y\4V.e.",t- Co '.~ tee. \ ~4Si "q 

~t 0' +0 I~. (g .f&+,) ...J 
/ 

Noit·o 8edroc! *'to\4ti hClIA;-
- " 

bof',oM a ~ ho~ ~ CI(it\1V/'S 

li_h;('J._ctht\s<; {(,jIAr..\,tz. '" 
tt.\!,O()( \;'lDti-it.. a ":ir'c;. ') . , 

J 

• 'N'*' rock conngo enter rock bfaa-. 

Converted to Well: Yes No 

Drilling Area 
Background (ppm):~ 

WeIlI.D. #: ;t '3 M W 0% ]5 



BORING LOG Pag .lot 2L 
PROJECT NAME: N ~B - N LoN BORING NUMBER: ~' ~M W03 .D l 

(TO :lO"l sora DATE: $~ 91'1 -"8 E~D: 'fIZo~ PROJECT NUMBER: 
DRILLING COMPANY: 
DRILLING RIG: 

MAXI~ Ttehnoh13{!S> =me.. GEOLOGIST: (~cJ<~ (!Ie~er/~#JI~~ 
fAILING f· 10 W_ DRILLER: N~~Q.("\ JY£J ") C.~Ie.... 

MATERIAL DESCRIPTION ......,".8CI""1~ 
sa.pI. 0._ 81_ , Sa..... LlIIIOIotY 
"! .• "o IFl\ .-orRQO ,,_ ..... ' ell ..... 
Type or or ,,,, SaJapie (DoIllNf1.I SolI OeM." 

RCO Run NO L.""" or eo_I_MY 

--- or I Color 
N{A I_I ..::.. 

15L 

20/ 

25/ 

..., ,...l 
latt. 5~Mt. as a.bwe.: 0 lIVe Onu 

• wtIen rodI canng. emtlf I1ICII ""*-. ..I 

-Include monitor rading in 6 foal int__ borehole. (ncr.. reading frequency II...,.. AIfIOM8 AIed. 
I 

Converted to ·Well: Yes x No 

u 
s 
c 
s . Remarks 

II 

o 0 0 0 

o 000 

o 0 0 e 

o 000 

Drilling Area • 



PROJECT NAME: 
~ROJECT NUMBER: 
~RILLING COMPANY: 

DRILLING RIG: 

BORING LOG Pag ;2. at .3.. 
N ~B - NLoN BORING NUMBER: ~3f1W03.D I I 

C/o ;l~ 508'3 DATE: ~AAT: TI ~ / '(8 EI\1D: "T/201'18 
MAX'~ tthno(w, :me.. GEOLOGIST:' (~cK\( ('(eoNer~,.,\sJ1k!}QVGAL 
FAiLiN(2 F- 10 _ DRILLER: NQ~Q" (Ed)JC"Ie.- ' 

MATERIAL DESCRIPTION I'IDII'1DA_ .... 'P4MII' 

~IIIPle CeDe! 81_ I ~lIIp.. LlIIIOIOfY u 
s 
c 
s 

No. ana IFlI ... or ROO Recovery I ell." .. 
Type or or (%, ~111"" (De"""'" SolI a......" 

RCC Run No Len"" or eoMI_1IIq' 
ScrM_ . or Color 
'-I Reel 

*"'-

30~ 

ss / 

Mat.nat C .... lftcaUon . Remarks 

OOQO 

o a 0 0 

Drilling Area 
Background (ppm):rcr-l 

(b'r 3 I.+u.~~ 



BORING LOG Page 3 of 3 

PROJECT NAME: N SoB - NLoN BORING NUMBER: ~3M 03.D I 

PROJECT NUMBER: (TO ;loti SOfa DATE: 51R'tf'111 ~ 1'8 ENt>: ,+120a 
DRILLING COMPANY: MA'l<rM 1id,n~(ujl~S I ::!.tIt!. GEOLOGIST: 7~CT<\i fll@ClV@r ~tS 
DRILLING RIG: EAiLIt:lG F-IO wi DRILLER: NQ~;'" (6J;f) C~ Ie.. I 

MATERIAL DESCRIPTION ~ ... "_ '. t".., 
sa .. ".o 0._ 81_1 sa .. " .. LIIIIOIcIIY , U 
"".ana tFt., 5"' or ROO Roc:ovo,.,' Clla" .. S 
T~or or ('II., sa", .... (Oo~\ SooIDMeIlyl 

C :. , ~ RCD Run NO. Longlll or eoMl_1IC¥ Remarks I Scno_ or Color Material CI ... 1fIcal1on S I ; 

N{~ rJ/A 
1_. Roell . = 
~ i5 

/' 
/. 
/. 

o~~ 
I~ 

/ 
55 / S5~ I'~~ A'r ~~ e'f'" 0 0 0 0 

/ coB &'~I.,)(, A'~~ 10 &: 

/. (,-ytb..a ,,( L GJJ~IS'.s. WOT 

/. ~Q.A frtAcru((.~. ,S()I(~ 

/. W~~tl ,...,A"Pe 6 Y H'l.'i 
, /. 

/. 
/. 
/. 
/. 
/' 
/. 
/. 
/. 
/. 
/. . 

/. 
/. 
/. 
/. 
/. • • W1Ien rocII canng, enter roctI broa-. 

-Include momtOl r~ing in 6 fool int __ 0 borehole. InerMM reading frequency if llft8ted repoNe reed. Drilling Area 
RemarXs. Background (ppm):'-'L-J 

Converted to Well: . Yes x No WeIlI.D.#: ;t3MWM15 



~ 
PROJECT NAME: 

• PROJECT NUMBER: 
RILLING COMPANY: 

DRILLING RIG: 

sa",,, •• De_ B'_I sa"' .... 
No. Ana ,FlI C""orRQO Rece ... ", 

Type or or ('" sa"' .... 
RaD Run No L."fII! 

~ ~ tJ/A tJ/A 

~ 
. IO~"~ /' 
~ ~ 

L 
./ 

5 ./ 
./ 
./ 
L 
/ 

~~ 10 ./ 
L 
~ 
/ 
./ 

15 ./ 
./ 
./' 
./ 
/ 

11:0" l:lo ~ 
/ 
/ 
./ 
/ 

II: 11- 1:25 ./ . 

Converted to Well: 

. -BORING LOG Page-Lof ..i 
N~B -NLoN BORING NUMBER: ;1' 1M 0 w y .D 
eTo ;l~ .sOi~ DATE: !sf'l'\n'- 9/ /5"/ 'f8 END g I' l'Ig 

MAXI~ 7c~"~(~¥1 :r.n~. GEOLOGIST: {~d<" " I@~er 1i:¥.lIsM~ ~ 
FAIL.iNG ["'0 DRILLER: ~(rnC,,112.J. jI ROQeI LOQel Y.-:.( >-, ",./re; 

LftIIO'OIY 
ella" .. 

(0e1llll/f1.1 SOlI CleM." 
or eaM'_1ICY 

ScrMftM or ,- "DeI 
HIInIND 

Yes x 

MATERIAL DESCRIPTION NII'1D " ..... , .... , 
, U 

S 
C ~ i ~ Remarks t I Color Mat.nat CIa •• IflcatIon' S I J . 

X 

}'Po,l(rttCl'ltCli qfW~l $l.4rr~~ ID.Jo ~AMf>LE5 ] 0 0 0 0 
-w 

~oJlo"" • .$ttM aLl~ 
"+0 6'1. ~f~e.~ J , 

AvqilS c:a sM: Soi I c.uthl}Qs 0 0 0 0 

~tf.10w{\5JLrotl(lf. SAN.D~ 
'*. qrovel Jnl 0 f'IIoiSt. ~ 

-;;J ) ... 

,nlA~~!> @ Jotl 5:li I cvftl~ ~ 0 0 0 0 

,1~IlSI'-To.J.rSAND W"Y. 
~ 

:1tUQe(S@ (51~t- ";)oi/ C\l~'r;qS 0 0 0 0 

lart ~(oulY\ SI LTa.J f.SIW.D-:I 
isllm€ m·C ~QJ1r. ~(I~ve( WE r 

J .J 

IA .. cer~ ((j) 2otQt!t . .soil t,,*,'~ 0 o 0 o· 
J ~ 

I~f/\t Go'!. o.bove, '.kt. 
J 

IA~~ ~ 2S~. !Ioil~ Sr:&~ as a hM rrJ, ~ o 0 o 0 
\l 

NO __ _ 

Drilling Area 
Background (ppm):r-t:1L"'!""o----.] 

WeIlI.D. #: ;t '3 M W 0<1 ::D 



BORING LOG Pag~ ~ of .i.. 
PROJECT NAME: N ~B - NLoN BORING NUMBER: P13,MWoLf.D I 

C/o ;l~ sora DATE: smRr: ~I '5 -,--g E'ND. gIl I~ PROJECT NUMBER: 
DRILLING COMPANY: 
DRILLING RIG: 

MAXI ~ tt~"o(\)jl~S I :zr,e. GEOLOGIST: '1ifocKw (! (f!~~r~"'~~~ 
fAiLiNG, f-Io. WI DRILLER: ~Qtkt'\ rEd)) Cole. / Pf09rCA Lo~ 

MATERIAL -DESCRIPTION ~ "NGIftO CPIIIII~ 
saIllP.. DollOl 81_1 Salll.,.. LftIIOIOqy 

...... anG IFl) r or RCD RKO".ryl Cllan .. 
Type or or ('JI.1 sa .. .,.. (DoIMM"lI SolI CoM.." 

RCD Run Ho. Langill or ~1ICy 

ScrMnM ~ I Color 
1_ It_ 

~ 

Converted to Well: . Yes x. No 

.' U 

rutenal C .... 1tIcatJon 

V 7 7 

S 
C 
S . Remarks 

'-

---- Well 1.0. #: .2. ~ M W 04 ]5 

0000 

000 



¢WIi»> 
PROJECT NAME: " 

• ROJECT NUMBER: 
RILLING COMPANY: 

DRILLING RIG: 

. 
Sa.pl. 0._ 81_1 Sa"" .. 
No,ln" IFl) 6"'0' ROO Reco ... ,. 

Tn.. or or (-..) Sa",,.. 

ROO Run Ho. Lon"" 

.~ ~ r-J/ft N}A 

; ~ ./ 
t\~ 1(0 ./ 

/" 
\3:~~ /" 

55 ./ 
't I ./ 

./ 

/{,,,~;:~[,;,:,;~~< '5:f--; \~ ;< _: :i\;:~ .. ~ j:,/~~:,. :.o/,/;r~; 
>" 
I 

, . BORING LOG Page 3 of-=t. 

. N~B·-NLoN BORING NUMBER:~' ,fi 0 .D, 
(To ;1oa.1 5013 

W Y 
DATE: :s-mRT: 9- J 15 J '(8 gNI)'. 'A J 1/ y~ 

MA')('~ Jte~"g(U~S I :!tic!'. GEOLOGIST: ( :&~J<\( e leo.Vetrl "P~" V:;-c5 ~.u~ 
fjt iLi N~ r:- 10 W . DRILLER: Ncd1~u, (E;Y ') C~I e. I-\pqtr Loqet 

M~ T~RIAL DESCRIPTION - .-./ "II1II1 
I.JIIIOIofY , U 
Chi .... S 

1001llllll't.1 Sod OeM." 
C :a 

~ 
.~ or 

Co __ ncy 

Remarks I I $CtMftM Of Color Matarial Classification S .l I_I 11- . 
~ *"'-

Hollow .~+t.,.,- Q"'jtr 

I , "'1!Jt,he ~o-l-o ~lf. 3 0lI • 

RuqefS qf~:MQ 5'1.3 
I ~;oba~lc. ~.",:~) S~.3 -, 

i:BrJ,.J\ 0 0 0 0 

H,\ly' {f{Uc.i ~~,~s wI (),~'<t~I«"'" ])~ 
. - ---

./ .... 1,,--
\~'iD ~ 

./ . '-'" 

, 

-'~ bO /' . ' 

~~My I(~ ... 't 

./ 
1)1) /" 

\t)~> fta) L 
~\ /' 

,,9lC:> b~ /' ~M.i) G~"1 

/' 
/ 
/' 
/' 

Q'tLV 70' L r\",a..l) I~"( 

/ 
/ 
/' 
/ 

IDl\S ""G /" I\1JWU> G£J..'< 

Converted to Well: Yes x 

1c:.A:>(~ ,s .ser"''''' ~IS 
It'")rnYA-.... 

lk-tJ€\.t> W~ ~~ 
.,r-J~\O'""T~ 

! G-N\r\SS \.V I (lJA~ 
...,...~\~~ 

btJ"£\S.<; \.J J Q IJA~ 
--+- g,o-rrn. 

v'" we \!> S wi Q\. JA 1rI'>-"<I~ ((lj f: 

'~ C -0 10- D 

~k~'~~o;~ • Mf<:'( . (')u~ 

j)a.-, 0 C> 0 0 

ij)(l:< 0 0 0 ~ 

-V(l,! 0 0 10- tJ 
Drilling Area 

Background (ppm):~r--o-"'J 

No WeIlI.D. #: .i 3 M W 0$ J:> 



BORING LOG Pag .:i of .!i. 
PROJECT NAME: N~B -NLoN BORING NUMBER:~""" 0 L1 ]) 
PROJECT NUMBER: C ,0 ;>'0'" sora. DATE: 9/ IS _'f8 <6 11/<j~ •• 
DRILLING COMPANY: MAXI-"1 1'"te~"o(\)~I~~ :I.fI~. GEOLOGIST: ( :BecK\( ~ leo.V@rJ,e-,1I{,';'~trL 
DRILLING RIG: r~IUN(" f"" - \D d, DRILLER: ~T~~(~-D\f"~, A,-~-,-".Ml"l (ENll) 

. MATERIAL DESCRIPTION I'DI'ID Il_ .... 1"..1 

sa_pl. 0._ 81_1 sa",. \.1IJ\OIe9Y . .' U 
NCI .• ftO IFll C'" or ROD R_very, Chan .. S 
Type or or I'JI.I sa... .... lDo1lOlll'l1 Soil 00lI0..,, 

C - a , L iRUftNO \..l\91li or ~ ( Remarks I ROO 

I ~ or Color MateNI CIa •• 1tIcaUon S 

·1 _ . R _ . 
~ 

L 
/' 

h 1/120 WS /' ~-J~ ~~ AS rAJ\.. A~ J)tt"( lr 

/' f ~ j),s" A (...1.0 '" 

~o /' ~as ~ v I Q uA.1..~ lYIl\ () :J ;J <~ 

11 \\)0 !'I.e; /' . """(S.\()T \ 1& , 

/' 
/' 
/" 16-~~ls~ wi ,QuAd.1;;. 

• I~J~ ~7 /' -;-(~ 10TI~ V(L, 0 0 IQ 
/' 
/' 
/' 
/' -

\4~O !CfO /' 
, 

V;~el.5S w / QuAt:;r;s. iAtx c (j ~ Cf 

/' +-~ lOT 1'"1l,;;( 

/' 
/' 
/' 

I.SvO % /' 16-1'l~IS$ W I ~AttR j)JL~ 0 c) 0 p' 

/' ~ H r lf71 7"6" 

\S~() '(6.> L ,-~ of ~oLI~ () 00 () 

/' 
L 
/' 

.• When rod! canng, ent ... rocII bro __ . 

- hcIude momtOl ?h.ing in 6 foal int_1a CD borehole. '- reMing frequ.nc:y if .... .., f8poNe ...... . 

Remar1<S: I] I. #-VI.VB.u/tll .. l- [0 77 J PI., &O(.I.JG. j)ern-t ti "1bS." 
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SITE PHOTOGRAPHS 



Confluence of Drainages Along Route 12 Into Stream East of Bui lding 447. 
Facing East. 

Entrance of Stream East of Building 447 to the Storm Sewer System. Facing 
Northwest. 



Bedrock Well 23MW01 D. Route 12 in Background. 
Facing Northeast. 

Bedrock Well 23MW02D. Crystal Lake Road in Background. 
Facing Southeast. 



Finished Surface at Bedrock Wel l 23MW03D. 
Facing South. 

Bedrock Well 23MW04D and Resurfaced Asphalt. 
Facing Southeast. 
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Manh leI length Pipe 
Reach Segment Inlet (ft) Diameter (in) 

A 1 C568 168 
C1096 

2 C1096 230 
C562 

B 1 C558 NA 
C557 

2 C557 203 
C562 

C 1 C1038 142 
C835 

2 C835 8 
C556 

3 C556 307 
C562 

D 1 C549 132 
C550 

2 C550 647 
C562 

E 1 C562 292 
C1101 

2 C1101 202 
C567 

G 1 C567 86 
Goss Cove 

Notes: 

CMP = Corrugated Metal Pipe 
PCMP = Perforated Corrugated Metal Pipe 
RCP = Reinforced Concrete Pipe 
VCP = Vitrified Clay Pipe 
A = Area 
R = Hydraulic Radius 
S = Slope 
n = Manning's Coefficient 
V = Manning's Velocity 
Q = Flow Rate 

12 

12 

Unknown 

12 

21 

30 

30 

12 

12 

30 

30 

72 

_.-

Pipe Top of Frame 
Material Elev (ft) 

PCMP 20.75 
20.53 

PCMP 20.53 
NA 

VCP 24.38 
2061 

VCP 20.61 
NA 

RCP 2415 
26.52 

RCP 26.52 
20.86 

RCP 20.86 
NA 

PCMP 2188 
21.02 

PCMP 21.02 
NA 

PCMP NA 
21.3 

PCMP 21.3 
21.8 

CMP 21.8 

L 
20 

-

Elevations on this table are referenced to the NSB-NLON 1982 vertical datum 

• TABLE 1 

Invert Elev Depth to Depth t 
(ft) Exit Pipe (ft) Water (ft) 

9.45 11.23 11.05 
8.53 12.17 11.6 
8.43 12.17 11.6 
7.83 NA NA 

16.09 NA NA 
13.41 72 7 
13.31 7.2 7 

7.83 NA NA 
17.11 705 6.85 
14.54 NA NA 
·14.54 NA NA 
14.16 6.72 6.51 . 
14.16 6.72 6.51 

7.83 NA NA 
10.28 11.4 11.29 
9.92 11.29 10.85 
9.92 11.29 10.85 
7.83 NA NA 

7.6 NA NA 
5.8 15.51 15.03 
5.8 15.51 15.03 

4.69 17.3 16.53 
4.69 17.3 16.53 

4.1 NA NA 

Elevations were taken from Fuss & O'Neill data package, 1998 and Dwg No. 1142295, Utility Map, Storm Drainage, 1967 

d A R 
(ft) (ftA2) (ft) 
0.18 0.0961 0.1097 
0.57 
0.57 0.4625 0.2703 

0 
0 NA NA 

0.2 
0.2 0.1118 0.1206 

0 
0.2 0.1522 0.1261 

0 
0 NA NA 

0.21 
0.21 0.1977 0.1345 

0 
0.11 0.047 0.0695 
0.44 
0.44 0.3328 0.2295 

0 
0 NA NA 

0.48 
0.48 0.6592 0.2907 
0.77 
0.77 2.1197 0.4821 

0 

Pipe material types were taken from Camera Study Report, Foster Wheeler, November 9, 1998 and Tank Farm Plot Plan, Dwg. No. N-15, 1946. 

11/18/98/3.09 PM 

S n 
(ft/ft) 

0.00548 0.03 

0.00261 0.03 

NA NA 

0.027 0.018 

0.0181 0.017 

NA NA 

0.02062 0.017 

0.00273 0.03 

0.00323 0.03 

NA NA . 

0.0055 0.021 

0.00686 0.03 

'.:J 

V 
(ft/s) 

0.84 

1.06 

NA 

3.32 

2.97 

NA 

3.30 

0.44 

1.06 

NA 
-

2.31 

253 

Q 
(ftA3/s) 

0.08 

0.49 

NA 

0.37 

0.45 

NA 

0.65 

0.02 

-
0.35 

NA 

1.52 

536 
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